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VALUE OF PEROPERATIVE MANOMETRIC AND ROENT- 

GENOGRAPHIC EXAMINATION IN THE DIAGNOSIS OF 

PATHOLOGIC CHANGES AND FUNCTIONAL DISTURB- 
ANCES OF THE BILIARY TRACT 


P. MALLET-GUY, M.D., Lyons, France 


S long as surgery of the biliary tract is 
based solely on clinical data and 
visual and manual findings at opera- 
tion, the results too often will be 

imperfect, and there will be a high percentage 
of recurrences. These recurrences are not due 
to technical errors alone, although any chole- 
cystectomy may leave unrecognized an ana- 
tomical or functional obstruction of the com- 
mon bile duct or an obstruction, which may 
produce a fistula. Even after choledochotomy, 
thorough catheterization will not establish the 
fact that the biliary tract is free of obstruc- 
tion. With the exception of stones and other 
similar surgical lesions of the gallbladder and 
the common duct, there are other biliary 
syndromes which are not improved by medical 
treatment and which present a difficult prob- 
lem for the surgeon. They constitute the 
static gallbladder which should not be treated 
routinely by the usual cholecystectomy. 

In 1930, Mirizzi, fully aware of the imper- 
fections of biliary surgery, advocated per- 
operative cholangiography. However, it is 
often difficult to interpret such cholangio- 
grams without a fluoroscopic examination 
which is out of place and quite impossible to 
perform in an operating room. It seemed pos- 
sible to me to substitute a manometric re- 
cording, ascribing to the curves of the biliary 


pressures the equivalent of fluoroscopic visu- 
alization. 

Since 1942, a technique of peroperative 
manometric and roentgenographic examina- 
tion of the biliary tract has been gradually 
perfected and simplified. In 1947, observa- 
tions upon 550 cases were collected. By 
September 22, 1951, 1,500 operations on hu- 
mans had been performed as well as extensive 
experiments on dogs. The method is by no 
means to be used only for a few selected cases, 
but when applied in a systematic way, it 
enables the surgeon to discover some un- 
expected facts, even if the case appears to be 
quite simple. It is essential that the technique 
be simple and that it not make the surgical 
procedure more complicated or longer than is 
necessary. It is essential, too, that as far as 
possible all factors of error should be elimi- 
nated. 

General anesthesia, with nitrous oxide- 
ether-oxygen, does not disturb the functional 
status of the biliary tract if it is induced with- 
out premedication or complementary med- 
ication and without curarization. This be- 
came apparent after a few surgical observa- 
tions and was corroborated by various experi- 
ments. 

The technique comprises two successive and 
independent steps: (1) a manometric record- 
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Fig. 1. Stones in the gallbladder. Manometric and roentgenographic ex- 
amination of the common duct during cholecystectomy. a, Case 1353. The 
gallbladder is normal, transcystic pressure 10 to 12 centimeters of water. 
Cholecystectomy without drainage. b, Case 1377. A stone of the ampulla 
of Vater is detected, transcystic pressure 18 centimeters of water. 


ing for a hyperpressure test by injecting an 
isotonic and isothermic saline (NaCl) solution 
into the gallbladder or the common duct; 
(2) cholangiography, including 2 or 3 roent- 
genograms, taken at intervals of 3 minutes, 
after injection of a contrast fluid. Thus, the 
two methods check each other. Being in- 
dependent, they do not have the same pos- 
sibilities of error. If a discrepancy appears, it 
is possible to trace the disturbing factor which 
may have produced the false results. On the 
other hand, clinical and experimental ob- 
servations (2) have proved that any measure 
of pressure produced by injecting a contrast 
fluid in the biliary tract cannot be carried out 
without some error. Among the hydrosoluble 
products, methane iodine by-products gener- 
ally produce an artificial hypertension by 
creating a spasmodic reaction of the biliary 
ducts; oxypyridine iodine by-products (dio- 
drast) also disturb the biliary pressure, either 
up or down. It is impossible to know before- 
hand the degree or even the direction of the 
reaction. Those reactions do not disappear 


quickly and may be the cause of error in 
manometric examinations which might be 
done afterward. As for the liposoluble iodine 
products, they are too oily to be used for 
manometric studies. 

In the interpretation of cholangiograms one 
must take into account the disturbances thus 
produced in the functional state of the biliary 
tract. The manometric graphs may not verify 
the roentgenograms. The basic conditions of 
the recording must always be similar. Capil- 
larity, in particular, is avoided by the use of 
trocars of an inner diameter of 2.5 millimeters. 
The curve of the hyperpressure test is recorded 
on a cylinder, running at one revolution each 
25 seconds. Several successive graphs will 
establish the base level of the biliary pressure. 

Experiments have confirmed the fact that 
the technique of manometric recording does 
not cause a reaction of the biliary ducts, even 
when done after repeated hyperpressure tests. 
The ascending part of the hyperpressure curve 
in reality indicates a slight increase of pressure 
in the biliary ducts. The upper part of the 
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Fig. 2. Stones in the gallbladder. Manometric and roentgenographic 
examination of the common duct during cholecystectomy. a, Case 1501. 
Disease of the sphincter of Oddi, transcystic pressure 16 centimeters of 
water, dilatation of the common duct, reflux in Wirsung’s duct. Vagotomy 
or transduodenal sphincterotomy is also indicated. b, Case 861. Hypoto- 
nia of the common duct and the sphincter of Oddi, pressure 2 to 4 centi- 
meters of water, reflux in Wirsung’s duct. Right splanchnicectomy is also 


indicated. 


curve is made by the pressure in the system of 
joints and tubes. 

The prime requisite for systematic mano- 
metric and roentgenographic peroperative 
examinations of the biliary tract is that the 
results be easily read and interpreted. The 
surgeon may only have a few minutes to con- 
firm his diagnosis and take the necessary steps. 
Therefore, the manometric and roentgeno- 
graphic examinations should be as simple, 
short and standardized as possible. In a way, 
the problem presents itself as a physiopatho- 
logical biopsy, the indications of which are 
composed of the clinical data, the previous, or 
immediate, laboratory examinations, and, 
lastly, the surgical operation under different 
conditions according to the disease. 


TECHNIQUE OF EXAMINATIONS PERFORMED 
DURING CHOLECYSTECTOMY 


The simplest case in question is an ordinary 
cholecystectomy for gallstones, without coni- 


mon duct symptoms. The common duct and 
the pancreas are as carefully explored as if no 
other examination were contemplated. The 
exploration is usually a negative one, except 
that in some cases there is a slight inflamma- 
tory reaction of the pancreatic head. The 
cystic duct is searched for and identified. 
Half its circumference is cut beyond the point 
where the last stone has been located, and, asa 
rule, this.is done 4 or 5 millimeters in front of 
the common duct. The cystic duct is never 
totally obstructed, but is likely to be dilated. 
It will be possible then to introduce a bent 
cannula which will be inserted into the com- 
mon bile duct. During the first step of the 
operation, the nurse prepares the manometric 
apparatus, sets it at the zero point and checks 
the tightness of the joints. A series of hyper- 
pressure tests may show: (1) a tracing which 
regularly stabilizes at 10 or 12 centimeters of 
water, which indicates a normal biliary pas- 
sage (normal range 8 to 14 cm. of water) ; (2) a 
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Fig. 3. Recurrence after cholecystectomy. Mano-  tonia of the common duct, pressure 6 centimeters of 
metric and roentgenographic examination during reoper- __ water, reflux in Wirsung’s duct. No drainage. Primary 
ation. a, Case 1og5. A stone in the ampulla of Vater, suture of the common duct. Right splanchnicectomy is 
pressure 18 centimeters of water. b, Case 1438. Hypo- _ indicated. 
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Fig. 4. Stones in the common duct. Manometric and at 33 centimeters of water. b, After extraction of the 
roentgenographic peroperative examination. a, A stone — stone the pressure is stopped at about 8 centimeters of 
in the ampulla of Vater is detected; manometric curves water; primary suture of common duct may be possible. 
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Fig. 5. Stones in the common duct. Manometric and 
roentgenographic peroperative examination. a, Case 1475. 
\fter extraction of 7 stones by choledochotomy the pres- 
sure in the common duct remained constantly at 23 cen- 
timeters of water and the roentgenograms show 3 new 


low tracing, below 7 centimeters of water, 
which suggests the existence of a hypotonia of 
the sphincter of Oddi; or, (3) a tracing stabi- 
lized at a high level, which indicates the 
presence of an obstruction until now unrec- 
ognized. 

Then, the cholangiographic examination is 
performed. The first roentgenogram is taken 
after an injection of 10 cubic centimeters of 
iodized oil, a second 3 minutes later, and a third 
one, if need be, 3 minutes later without reinjec- 
tion. If there has been no source of error, such 
as leaking or blocking up of the transcystic 
cannula, different manometric results will 
correspond with roentgenographic images 
typical of a normal biliary passage, of an 
obvious hypotonia of the sphincter of Oddi 
and of the common bile duct, or an obstruc- 
tion such as: a small unrecognized, silent stone 
in the common duct; a relative compression by 
chronic pancreatitis; or, disease of the sphinc- 


1242 

b 
undetected stones. b, Case 1242. After extraction of the 
stones by choledochotomy, there is still an obstruction. 
Pressure in the common duct, 29 centimeters of water, 


roentgenograms showing disease of the sphincter of Oddi; 
indication for a choledochoduodenostomy. 


ter of Oddi, either a simple hypertonia or a 
fibrous narrowing. 

If these diverse pathological conditions are 
not recognized, they will produce postopera- 
tive recurrences of pain or jaundice. Their 
frequency emphasizes the diagnostic value of 
manometric and roentgenographic examina- 
tions in the course of cholecystectomy. From 
August 9, 1950 to September 22, 1951, 100 
cases of gallstones which were clinically and 
surgically free of complications were studied. 
In 38 per cent, there was another pathological 
condition as follows. 


Normal common bile duct........... 
Hypotonia of the common bile duct.... 
Stone in the common bile duct 
Compression due to pancreatitis. . . 
Disease of the sphincter of Oddi... .. 


*In 1942, R. Koppes and I collected 142 cases of stones of the 
gallbladder 15 with stones in the common duct, which had 
escaped observation and which were discovered by manometric 
and roentgenographic peroperative examination, i.e. 10.5 per cent. 
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Fig. 6. Strictures of biliary tract by malignant tumor. Manometric and 
roentgenographic peroperative examination. a, Case 1443. Stricture of the 
common duct by neoplasm of the head of the pancreas. The manometric 


curves by puncture of the gallbladder are higher and higher. 


b, Case 


1154. Tumor of the left branch of the hepatic duct. Pressure in the 


gallbladder is normal, about 20 centimeters of water. 


Roentgenograms 


showing normal gallbladder and common duct but a dilated left branch of 


the hepatic duct. 


MANOMETRIC AND ROENTGENOGRAPHIC 
EXAMINATION IN CASES OF RECURRENCE 


In 1949, statistics concerning 58 reopera- 
tions after cholecystectomy were presented. 
The different factors, which may be revealed 
by manometric and roentgenographic examin- 
ations in the very course of cholecystectomy, 
were found with the same frequency. Tech- 
nically, and this is a somewhat peculiar point, 
it is enough to search for the stump without 
dissecting any more, and then to place a 
cannula into the common duct. So, at the 
very first, necessary information is available 
on the anatomical or functional state of the 
common duct (Fig. 3). Thus an exploratory 
operation on the common duct will often be 
avoided, particularly if the recurrence is 
caused only by dystonia of the sphincter. 

Stones in the common duct. When the 
clinical and operative findings have led to a 
definite diagnosis of stones in the common 
duct, manometric and roentgenographic ex- 


aminations are performed only after chole- 
dochotomy, after the stones have been re- 
moved and the common duct freed. In this 
way, it may be possible to show that no other 
obstruction remains in the common duct 
(Figs. 4 and 5), and, after removal of the drain, 
that no fistula or recurrence will take place. 
These conditions will warrant proceeding 
with closure of the duct. When the cystic 
duct is widely dilated and allows exploration 
up and down the common duct, it is easy to 
put a bent cannula in place and fix it by 
ligation. When the duct has been opened for 
instrumental exploration, it is necessary to 
suture the wall of the common duct around a 
temporary tube (Kehr’s drain or, better, a 
Pezzar cannula). 

In a later series of 100 patients with stones 
in the common duct who were operated on be- 
tween November 16, 1948 and September 22, 
1951, manometric and roentgenographic re- 
examinations after choledochotomy showed 
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ig. 7. Manometric and roentgenographic examina- 
n by puncture of the gallbladder demonstrates a static 
sillbladder. a, Case 1452. The common duct is normal, 
vressure in the gallbladder is about 20 centimeters of 


+ 1200 
‘ 
s 





_ Fig. 8. Manometric and roentgenographic examina- 
tion by puncture of the gallbladder, static gallbladder. 
a, Case 1200. Idiopathic disease of the sphincter of Oddi. 
Pressure in gallbladder is nearly normal but the con- 
traction of the common duct on the roentgenograms is 





b 


water. b, Case 1478. Idiopathic hypotonia of the biliary 
tract, pressure in the gallbladder 10 centimeters of water. 
No cholecystectomy. Indication for right splanchnicec- 


b 


demonstrative. Indication for vagotomy or transduo- 
denal sphincterotomy. b, Case 911. Disease of the cystic 
duct, pressure in gallbladder 25 centimeters of water. 
On the roentgenograms very small evacuation of the 
gallbladder. Indication for cholecystectomy. 
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Fig. 9. 
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Disease of the cystic duct. Measurement of pressure in the 


gallbladder (upper tracings) gives “obstruction curves” which confirm the 
data of the preoperative cholecystography. Catheterization of the cystic 
duct will indicate the functional status of the common duct (lower trac- 
ings). a, Case 1388. Transcystic pressure 8 to 10 centimeters of water, 
normal roentgenogram. Cholecystectomy without drainage. b, Case 1434. 
The pressure is also normal, 9 centimeters of water, but the common duct 


seems to be abnormally contracted. 


vagotomy is indicated. 


54 biliary ducts absolutely free; 12 with stones, 
or fragments of stones, undetected at the time 
of the last catheterization; 22 hypertonic re- 
actions of the sphincter of Oddi, some of 
which are probably secondary to the instru- 
mental trauma; 2 compressions by chronic 
pancreatitis, and 5 noncalculous obstructions 
not accurately identified. If we except certain 
hypertonic reactions of the sphincter of Oddi 
which would probably have disappeared with 
prolonged external drainage, we see that be- 
fore manometric and roentgenographic exam- 
inations were used there was still a cause for 
fistula or postoperative recurrence, which we 
are now able to prevent. Thus we can decide 
when external drainage is required, or primary 
suture of the common duct (4), or a chole- 
dochoduodenostomy. 


After cholecystectomy a preventive 


MANOMETRIC AND ROENTGENOGRAPHIC 

EXAMINATION THROUGH THE GALLBLADDER 

Manometry and roentgenography of the 
biliary ducts are performed through the 
medium of a puncture of the gallbladder, 
whenever a cholecystectomy does not seem 
justified. This procedure should be followed: 
First, when the common duct is occluded by a 
malignant tumor (Fig. 6). In this instance, the 
method enables one to make a diagnosis if the 
tumor is located at the head of the pancreas or 
the ampulla of Vater and to determine if the 
gallbladder can be used for anastomosis, or if 
the hepatic duct must be used. Secondly, 
when jaundice is present, the cause of which 
is not found by surgical exploration, it may be 
a tumor of the hepatic bifurcation or of one of 
its branches, which the cholangiography 
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\ sualizes (Fig. 6), or hepatitis, for which it is 

i portant to know the functional status of the 
mmon bile duct. Third, when a syndrome of 
itic gallbladder is present, the physiological 
thology of such a condition is quickly 
alyzed by manometric and roentgeno- 
iphic examinations. 

Usually, the pressure in the gallbladder is 

out 18 centimeters of water (Fig. 7). In 

potonia of the biliary ducts, pressure in the 
ilbladder may be only 12 or 5 centimeters or 

en below zero. Cholangiography shows a 

ccid gallbladder which does not evacuate its 

ntents and a passive aspect of the common 

ct; the sphincter remains open (Fig. 7). 

(diopathic disease of the sphincter of Oddi 

| is recognized by cholangiography, as punc- 

re of the gallbladder does not often give any 

finite manometric information. After in- 
j-ction of lipiodol, dilation and stasis of the 

mmon duct and its terminal stricture will 
appear (Fig. 8). 

On the other hand, disease of the cystic duct 
can be distinguished by successively ascending 
curves, stabilizing at 30 centimeters of water 
and often higher. Since iodized oils cannot 
pass into the cystic duct, roentgenography 
would require the injection of a hydrosoluble 
contrast product into the gallbladder. How- 
ever, recognition of their disturbing effects on 
biliary tonus led us to give up that method 
(ig. 8). In fact, manometric findings con- 
stitute a basis on which to establish a diagnosis 
of disease of the cystic duct and to indicate a 
cholecystectomy. It is essential to know the 
functional status of the common duct. Usually 
the end of the cystic duct may be catheterized 
and then direct examination of the common 
duct may be performed under good conditions 
(Fig. 9). 

In 1950, general statistics on 329 cases of 
idiopathic biliary dystonia and of dystonia 
associated with various anatomical lesions 
were presented. Those statistics corroborate 
the validity of the indications for peroperative 
manometric and roentgenographic examina- 
tion in these cases when correlated with the 
operative results. 
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SUMMARY 


A technique of peroperative manometric 
and roentgenographic examination of the 
biliary tract is presented. Between 1942 and 
September 22, 1951, 1,500 operations on 
patients have been performed, as well as 
extensive experiments on dogs. 

The technique consists of two successive 
and independent steps: a manometric recording 
and a cholangiographic examination. The 
examination should be as simple, short, and 
standardized as possible. 

Performed during a cholecystectomy, it 
demonstrates diverse pathological conditions 
which are factors in postoperative recurrences. 

After removal of stones in the common duct 
it is possible to show that no other obstruction 
remains and to decide whether external drain- 
age, primary suture, or a choledochoduo- 
denostomy is required. 

Manometric and roentgenographic examin- 
ation for malignant obstructions of the com- 
mon duct and for biliary functional disturb- 
ances by the method of puncture of the gall- 
bladder are described. 
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CHOLEDOCHOSTOMY WITH CHOLANGIOGRAPHY 


A Review of 50 Cases 
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Philadelphia, Pennsylvania 


N 1949, Sterling and associates reviewed 
50 cholangiograms done on 41 patients 
at this hospital, with the idea of clarify- 
ing the lack of precision in descriptions 
of the common bile duct. 

This paper is an analysis, from a clinical 
point of view, of 50 cases of choledochostomy 
with 79 cholangiograms done on patients with 
biliary disease and possible common duct 
obstruction during the latter part of 1950 and 
the early part of 1951. Its purpose is to deter- 
mine the efficiency with which we were treat- 
ing these patients surgically, and the part 
played by cholangiography in these cases. 

The desirability of doing choledochostomy 
along with cholecystectomy on the slight- 
est suspicion of stone in the common duct is 
being preached in medical schools and clinics 
throughout the country. Yet it is not being 
done enough. Davidson and associates re- 
ported a series of 59 patients admitted for 
treatment of common duct stone. Of this 
group, in 29 per cent previous cholecystec- 
tomy had been performed and in 10 per cent 
cholecystostomy without common duct ex- 
ploration had been carried out. In other 
words, 39 per cent of this group required reop- 
eration because no common duct exploration 
had been done at the original surgery. 

In the series of 50 cases we are reporting, 10 
per cent required secondary surgery for the 
same reason. 

At one time the added procedure of chole- 
dochostomy increased the operative mortality 
of cholecystectomy. In 1932, Lahey (14) re- 
ported that in his clinic simple cholecystec- 
tomy had a mortality of 4 per cent. This 
jumped to 13 per cent when choledochostomy 
was added. Cole, in a collective review of the 
mortality in cholecystectomy throughout the 
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country in 1939, reported an over-all mor 
tality of 6.5 per cent, which jumped to 10 per 
cent when choledochostomy was added. To- 
day, however, the danger of the added pro- 
cedure is practically nil. In this series we are 
reporting there was no mortality. In a series of 
280 cases reported by Priestley, Walters, Gray, 
and Waugh of the Mayo Clinic (17) in 1940, 
where in addition to the removal of the gall 
bladder, an exploration of the common duct 
was made, there was not 1 death. A similar 
large series without a single mortality was 
reported by them (20) in 1948. The danger 
today is not in performing choledochostomy 
but in not doing it. When it is omitted and 
stone is retained in the common duct, a chain 
of events is started which may end in opera- 
tion after operation, with all the attendant 
suffering, complications and, perhaps, mor- 
tality. This is especially true if complete 
obstruction of the biliary tree occurs, resulting 
in jaundice. Then the operative mortality 
increases. In a report from the Mayo Clinic 
in 1948, Waugh and associates (21) showed 
that the mortality of cholecystectomy in 78 
jaundiced patients was six times that of 1,084 
patients without jaundice. In the series re- 
ported by Gaster the hospital mortality was 
three times as high in the jaundiced patients 
as in the nonjaundiced patients. While no 
similar figures are available for patients jaun- 
diced due to retained common duct stone, the 
mortality is certain to be many times higher 
than that of the nonjaundiced cases. Since 
jaundice is a common complication of retained 
stone, obviously everything possible must be 
done to reduce the number of such cases. 

An analysis of a series of 50 cases in which 
the common duct was explored and in which 
79 cholangiograms were done follows: 

Mortality. There was no mortality in this 
series. 
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“ypes of operation. In 80 per cent of the 
ients cholecystectomy and choledochos- 
iy were carried out. In ro per cent chole- 
hostomy alone was done, as the gall blad- 
had been previously removed and the stone 
in the common duct which had not been 
lored. This means that because the com- 
n duct was not investigated originally these 
ients were subjected to further major sur- 
y with its accompanying danger. Six per 
t had cholecystostomy and choledochosto- 
. This procedure was reserved for the aged 
the very sick. Four per cent had chole- 
tojejunostomy and choledochostomy for 
erable carcinoma of the pancreas. 
‘easons for exploration of common duct. In 
( per cent of the cases exploration was car- 
i | out because of the history or presence of 
ndice. Thirty-four per cent were explored 
ause of marked dilatation of the common 
duct. Twelve per cent were explored because 
the gall bladder was full of small stones which 
might easily have obtained access to the com- 
mon duct. Four per cent were explored be- 
cause stones were felt in the common duct on 
routine palpation. Two per cent were ex- 
plored in an effort to find the cause of the 


patient’s unexplained biliary symptoms. Two 
per cent were explored when x-ray examina- 
tion done for something other than biliary dis- 
ease showed stones in the common duct in 
instances in which the gall bladder had been 


previously removed. If we add chills and 
fever to the above list of reasons, then we 
have a textbook list of the indications for 
exploration of the common duct. 

Percentage of stone found in common duct. 
The preoperative diagnosis of stone in the 
common duct is difficult and unreliable. 
McKittrick and Wilson reported that of 50 
patients with one or more of the usual symp- 
toms of common duct stone, stones were 
present in 80 per cent. On the other hand, 
9 of 43 patients with no symptoms had stone. 

In our series of 50 cases explored because of 
the possibility of stone in the common duct, 
stones were present in 48 per cent. This may 
be compared to a series at the Mayo Clinic, in 
which 52.8 per cent of common duct explora- 
tions revealed stone, and a series reported by 
Theissen in which 51.5 per cent showed stone. 
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Fig. 1. Postoperative cholangiogram with normal biliary 
ducts. Also demonstrated is concomitant reflux of contrast 
material into the pancreatic duct. 


Jaundice. In this series, 46 per cent of the 
patients were jaundiced or gave a history of 
jaundice. In all of these cases the common 
duct was explored. In 61 per cent the jaundice 
was due to stone. In 30 per cent the cause of 
the jaundice was not found. In all of these 
cases, however, the cholangiograms were nor- 
mal before the patient left the hospital. It is 
assumed that in these cases the jaundice was 
due to an inflammatory lesion at or near the 
papilla of Vater, which caused a temporary 
obstruction. In g per cent of the cases the 
jaundice was due to the extrinsic pressure of a 
growth in the pancreas. 

Stones in the common duct without jaundice. 
It is interesting to note that’stones were found 
in the common duct in 41 per cent of patients 
without jaundice. This may be compared to 
Theissen’s series in which 65 per cent of the 
patients had stones in the common duct with- 
out jaundice, and in McKittrick’s series in 
which 20 per cent had stones and no jaundice. 
In other words, it is quite common to observe 
stones in the common duct, without jaundice. 
This, however, is no excuse for not exploring 
the common duct even though no symptoms 
are present. These stones may be innocuous 
when silent, but when they start to move 
toward the papilla they cause excessive pain, 
and when they obstruct the papilla they cause 
jaundice. There is no way of telling if and 
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Fig. 2. Cholangiogram on eighth postoperative day re- 
vealing two moderate sized stones in distal common duct 
with slight dilatation of duct. 


when they will start to move. It is, therefore, 
imperative that they be removed. 

Cholangiograms. In all, 79 cholangiograms 
were done on 50 patients. Cholangiograms of 
17 of these patients were made in the operat- 
ing room, 2 cholangiograms in the case of 1 
patient. Of the 18 operating room cholangio- 
grams, only 2 were of the immediate type, 
being done through the cystic duct stump. 
The remainder were done through a T-tube 
after exploration had been carried out. Of 
the operating room cholangiograms to showed 
a normal tract in which the diodrast flowed 
normally into the duodenum. Four showed 
stones in the common duct. Three showed 
obstruction due to extrinsic causes, and 1 
showed a polyp in the common duct. From 
the 61 cholangiograms done through T-tubes 
in from 5 to 18 daysafter operation, 32 patients 
were shown to have a normal tract. Multiple 
cholangiograms were made in the remainder. 
In g patients stone was shown to be retained 
in the common duct and in the balance some 
type of extrinsic pressure, such as carcinoma 
of the pancreas, localized adhesions, and pan- 
creatitis, caused the obstruction. 

Retained stone in the common duct. Stone 
retained in the common duct after surgery 
and shown by postoperative cholangiogram is 
unfortunately too common throughout the 


country. In Hughes’ series of 46 patients. 24 
per cent had retained stone and underwent 
further surgery. In Theissen’s series of 33 
patients, in whom postoperative cholanvio- 
grams had been done, 15 per cent showed re- 
tained stone. Our series of cases showed 18 
per cent. Hicken’s (11) series of 100 cholan- 
giograms showed 12 per cent retained stone. 
One of the best reports is that of McKittrick 
which showed only 2 per cent retained stones, 
In our series, of the 9 patients (18 per cent) 
whose postoperative cholangiograms indicated 
stone in the common duct 7 were treated by 
the Pribram ether method. Of these, treat- 
ment was successful in 4. Three patients re- 
turned within 1 year for reoperation. In the 
remaining 2 cases, the T-tubes were acciden- 
tally removed about 2 weeks after operation. 
In spite of stones still being present, in both 
cases the sinuses healed within 72 hours and 
the patients were discharged shortly there- 
after. In these cases the obstruction must 
have been incomplete, since the patients were 
not jaundiced and did well after discharge. 
This phenomenon of healing sinuses with 
stones in the common duct happens often 
according to Hicken (11). He showed recently 
that in 35 patients proved by cholangiogram 
to have residual stones in the common duct, a 
persistent sinus did not develop in any in- 
stance when the T-tube was removed. In 32 
cases the tract closed over in 72 hours. In 3 
cases drainage continued from 1 to 4 weeks 
before healing. Healing failed to occur only 
in those cases in which the stones caused a 
complete obstruction of the distal segment. 
These patients came to secondary surgery. 


DISCUSSION 


What are some of the reasons stones are left 
in the common duct? 

Hepatic stones. It is felt that some of these 
retained stones may originate in the hepatic 
radicles. In irrigating the common duct and 
the hepatic ducts at operation, they may be 
loosened but it is possible that they may not 
descend until perhaps a week later, when the 
postoperative cholangiogram shows them 
lodged in the common duct. In numerous 
cases by use of the lithophone, we have located 
a stone in one of the hepatic radicles which we 
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ha ‘missed by use of the scoop and irrigation. 
Li ewise, stones have been brought down 
fron the hepatic ducts by irrigation which 
w done in spite of the belief that there were 
n more stones in the biliary tract. It is be- 
li ed that this type of stone which descends 
fr n the hepatic radicles a few days post- 
ratively makes up a fair ‘sae of the 
iined stones. 
(nomalies. In our own series, anomalies 

ved no role in the retention of stones in the 

mon duct. As a matter of fact the only 
maly in the series was a case in which the 
bladder was congenitally absent and the 
ies were in the common duct and were 
ipletely removed, as shown by a post- 
; erative cholangiogram. However, Collet 
nd associates reported 4 anomalies which 
re the definite cause of retained stones. In 
case, what was thought to be a common duct 
full of stones proved to be the right hepatic 
uct. This was emptied of stones but the 
multiple retained stones were those in the real 
common duct. The retained stones and the 
anomaly were found only because a post- 
operative cholangiogram was done a few days 
aiter the original surgery. 

Anatomic difficulties. Whatever the ana- 
tomic difficulties are, they are a source of re- 
tained stone in that they do not allow ade- 
quate examination of the common duct. 
When the patient is too obese the duct is often 
deep and hidden by fat and must be dug out. 
When the surgeon must work deep under the 
costal margin, again exploration of the com- 
mon duct is difficult and is usually incomplete. 

When the gall bladder, the cystic duct, and 
common duct are thickened and edematous 
from acute inflammation, once more, thorough 
exploration of the common duct is difficult and 
stone may be left in. 

Acutely ill patients. Occasionally incom- 
plete exploration i is done because the patient 
is not in good condition on the table. It is 
usually i in the very aged or the very sick pa- 
tient in whom perhaps a cholecystostomy is 
anticipated that the common duct is hurriedly 
explored. When this is done there is always a 
good chance that stones may be left in. 

What can be done to lower the incidence of 
stone left in the common duct? 
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Fig. 3. Cholangiogram on twenty-third postoperative 
day. Since previous study, ether-alcohol flushing through 
T-tube performed. Previous stones are no longer visualized. 
Caliber of duct is normal. 


Use of the left side of the table. One of the 
means of reducing the number of stones missed 
by palpation is to do that palpation from the 
left side of the table with the left hand. The 
great percentage of surgeons, by far, operate 
on gall bladder patients and palpate the com- 
mon duct from the right side. Often this is 
very difficult. Especially is this true in the 
obese or the poorly relaxed patient. In these 
same cases palpation of the duct is much easier 
if done from the left side of the table with the 
left hand. The index or middle finger can be 
placed in the foramen of Winslow and the 
common duct rolled between it and the thumb. 
In this position the hand is in a naturally flexed 
and relaxed position. There is no strain upon 
it and the examination is more accurate. It is 
not the answer to the retained stone problem 
since palpation alone, in the best hands, is 
still unreliable. However, it does afford some 
help. Gerwig, Jr., in a recent editorial, advised 
not only palpation from the left side of the 
table but operation also. He believes that 
because of the anatomical position of the gall 
bladder and common duct it is easier to deal 
with them from the left. McKittrick and 
Wilson advocate a similar policy, stating that 
the common duct is felt most easily from the 
left side of the table, especially if it is felt over 
a probe or dilator placed in it. 





Fig. 4. Operative cholangiogram. Dye injected through 
T-tube. The lack of any contrast material entering duo- 
denum and dilatation of ducts indicated obstruction at 
ampulla of Vater. The tortuous linear opacity is a radio- 
opaque impregnated sponge. 


Use of the lithophone. It is well known that 
the best surgeons can miss a stone in the 
common duct when palpation alone is de- 
pended on. Even if irrigation and probing of 
the duct are added, still a fair percentage of 
stones are missed. Any device then which 
will reduce the fallibility of the surgeon is 
welcome. Such a device is the lithophone, 
which electrically magnifies the sound made 
when a stone is struck by a metal probe to 
which the instrument is attached. It is espe- 
cially good in the detection of stones far up in 
the hepatic ducts, since these stones are not at 
all palpable. Although not infallible, the 
lithophone has often picked up stone in the 
duct which has been missed by palpation, 
irrigation, and scooping. 

Use of cholangiograms at the operating table. 
Hicken (11) classifies cholangiograms at oper- 
ation into the following types: 

The scout cholangiogram, in which the gall 
bladder is aspirated of all its bile and 40 to 50 
cubic centimeters of diodrast are injected. 
This contrast material fills out the gall blad- 
der, cystic and common ducts, and the hepa- 
tic radicles. 
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The choledochogram, in which the diodrast 
is injected via the common duct. In this type 
the cystic duct is either clamped or divided. 

Utilization of the cystic duct stump. 

Ampullary (retrograde) injection. This is 
done in certain cases in which the duodenum 
has been opened and stones removed from the 
lower end of the common duct by dividing the 
ampulla. The condition of the rest of the 
biliary tract can be determined by injecting 
diodrast into the opened ampulla in a retro- 
grade manner. 

The completion cholangiogram, done by 
injecting the diodrast through a T-tube in the 
common duct at the end of the operation. 

The first three types may be classified as 
immediate cholangiograms, in that they are 
done before the common duct is opened. The 
last two may be called completion cholangio- 
grams, since they are done after the common 
duct has been opened. 

When the gall bladder is to be removed 
because of stones, the cholangiogram that 
seems most logical to us is one of the immedi- 
ate types, in which the diodrast is injected 
through the cystic stump before the common 
duct is opened. The picture can be taken, and 
while it is being developed the gall bladder 
can be removed, thus saving time in the oper- 
ating room. The film may show that there 
are no stones in the biliary tract and that the 
diodrast runs through into the duodenum 
without difficulty. In such a case the cystic 
stump is ligated and there will be no need to 
open the common duct. If, on the other hand, 
the cholangiogram shows, say, 6 stones, then 
the common duct is opened and the explora- 
tion is continued until the 6 stones are re- 
moved. Knowing ahead of time the number 
of stones present obviates any being left, and 
the patient will be saved possible surgery in 
the future. Hagan and Townsend advocate 
this type of cholangiogram to be used routine- 
ly in all elective cases of chronic cholecystitis 
and cholelithiasis. In our own series, only 
11 per cent of the operating room cholangio- 
grams were of the immediate type. These 
showed normal biliary tracts. It will be rec- 
ommended that more of the immediate type 
be done and also that more operating room 
cholangiograms, as a whole, be done. 
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n a short while a new set of operating 
ro ns will be opened at this hospital. The 
ra ‘ology department has promised the sur- 
g« two more aids in decreasing the incidence 
of etained stone. One of these aids is special 
fl| ,roscopic equipment which may be used to 
d« ect stones in the biliary system. This will 
d ect stones which are fairly large and in 
fa ly thin people. It is agreed, however, that 
in very obese patients, and in patients with 
s: il nonobstructing stones, this equipment 
is .ot of very much value. In such latter 
ca es, the use of the second aid, namely the 
p« aroid cassette, is indicated. This was re- 
ce ily introduced and is not as yet readily 
a\ \ilable. However, reports of it offer great 
pr mise for quicker and more accurate opera- 
tive cholangiography. 


COMMENT 


One of the most frequent operative prob- 
lems after cholecystectomy for stones is the 
problem of retained stone in the common duct. 
No surgeon and no clinic have escaped this 
problem. It is the result of either failure to 
explore the common duct, or of incompletely 
exploring it. In a certain percentage of cases, 
it may result from stones moving down from 
the hepatic radicles after exploration. 

The most prevalent method of exploring 
the common duct is incision, use of the stone 
forceps to catch and remove stones, and fi- 
nally, vigorous saline irrigations. In an effort 
to prove that the common duct is then emp- 
tied, a probe is placed into the duct and passed 
down through the papilla of Vater into the 
duodenum, or saline is injected through a 
T-tube. If either the probe or saline enters 
the duodenum, the duct is said to be free of 
stones. This time-honored method is defi- 
nitely unreliable as shown by the high per- 
centage of retained stones reported by many 
clinics. Time after time the surgeon has felt 
the common duct to be empty after all the 
procedures mentioned have been carried out, 
only to find that the postoperative completion 
film reveals stone. 

In the interest of reducing the figures on 
retained stone, the following suggestions are 
made: (1) routine exploration of the common 
duct on the suspicion of stone; (2) more ac- 
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Fig. 5. Postoperative cholangiogram through chole- 
cystostomy tube revealing the gall bladder, cystic and 
common ducts to be packed with faceted calculi. 


curate palpation of the common duct by pal- 
pation from the left side of the table; (3) more 
frequent use of the lithophone; (4) the routine 
use of immediate cholangiogram in the oper- 
ating room whenever there is the slightest 
indication; (5) routine use of completion cho- 
langiogram for check-up after choledochos- 
tomy. 
SUMMARY 

The cases of 50 patients who had choled- 
ochostomies and 1 or more cholangiograms 
done are reviewed. 

1. There was no mortality in this group. 

2. The types of operation in addition to 
the choledochostomy are given, 80 per cent 
being cholecystectomy. 

3. The indications for the common duct 
exploration are given, the most frequent being 
jaundice or a history of jaundice. 

4. There is a breakdown given of the causes 
of the jaundice, the greatest number (61 per 
cent) of which were due to stones in the com- 
mon duct. 

5. The types and numbers of the cholangio- 
grams are given with a discussion of the most 
logical one (through the cystic duct stump). 
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6. Retained stone in the common duct (18 


per 


7- 


cent) is discussed. 
Suggestions for the prevention of re- 


tained stone are made. 
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BACITRACIN IN THE TREATMENT OF VARIOUS SURGICAL 
AND NEUROSURGICAL INFECTIONS AND CERTAIN 
RELATED MEDICAL INFECTIONS 


FRANK L. MELENEY, M.D., F.A.C.S. 


, BALBINA A. JOHNSON, B.A., and 


PAUL TENG, M.D., New York, New York 


HE antibiotic bacitracin was dis- 

covered by one of us (B.A.J.) in the 

Laboratory for Bacteriological Re- 

search of the Department of Surgery 
of the College of Physicians and Surgeons, 
Columbia University, in June of 1943 (15). 
It is produced by a gram-positive aerobic 
spore-forming bacillus, at first classified as a 
member of the Bacillus subtilis group, but 
more recently placed in the category of Bacil- 
lus licheniformis by Dr. Kenneth Burdon of 
Baylor University and by Dr. Nathan Smith 
of the Food and Drug Administration. 

The antibiotic was first produced in plain 
broth media and it was demonstrated that the 
filtrate could be injected into the center of an 
infectious lesion and within a short period of 
time bring the infection under control, or it 
could be applied to the surface of an infected 
wound or ulcer with the same result. The 
antibiotic was partially purified and concen- 
trated first in the chemical laboratories of the 
Department of Biochemistry of the College of 
Physicians and Surgeons by Dr. Herbert 
Anker and was later produced commercially, 
and made available for clinical use. The first 
patient was treated on October 11, 1943, with 
the crude filtrate of the culture, for a furuncle 
inside the right nostril. The infection prompt- 
ly resolved. The first too cases treated 
locally with this antibiotic were reported in 
the March number of the Journal of the Amer- 
ican Medical Association in 1947, with a favor- 
able response in 88 per cent of the cases (25). 


From the Presbyterian Hospital, New York, and the Labora- 
tory for Bacteriological Research of the Department of Surgery, 
Columbia University, College of Physicians and Surgeons, and 
ag A a Department of Neurosurgery, Mt. Sinai Hospital, 
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The first 6 were treated with the crude filtrate, 
the next 30 with the concentrated preparation 
from the chemistry laboratory, and the last 64 
with the commercial product. 

During this time efforts were being made to 
purify the antibiotic further, in order to have 
it available for systemic administration. The 
first material considered to be sufficiently pure 
for systemic use was produced during the 
summer of 1946. After a period of observa- 
tions on animals and a series of injections into 
ourselves and other members of the laboratory 
staff, the first patient was treated systemically 
on October 11, 1946, for an “undermining 
burrowing ulcer” of the axilla. With the aid 
of this new antibiotic applied locally and given 
systemically after excision of the ulcer, a 
primary skin graft was successful. Formerly 
this was impossible in similar cases. 

The first commercial product was made by 
the surface growth of the organism on agar 
medium in bottles, in a manner similar to the 
early production of penicillin. But later a way 
was found of producing bacitracin in deep 
tanks in large quantities. Although it was 
found that the systemic administration of 
bacitracin made by the surface growth method 
caused a transient albuminuria, this was con- 
sidered to be of no clinical significance. Soon 
doses were being increased from 10,000 units 
every 6 hours up to 50,000 units, for a total 
of 200,000 units a day. A tentative toxicity 
specification thought to be safe, namely, an 
LD50 of 200 units for a 20 gram mouse, was 
set up in January, 1948, by the Food and 
Drug Administration based upon this expe- 
rience. When the deep tank product became 
available, these same large doses were given 
by several different observers, who had been 
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TABLE I.—INCREASE IN RESISTANCE TO PENI- 
CILLIN OF COAGULASE-POSITIVE STAPHY- 
LOCOCCUS AUREUS* 








No. of 
strains 


Per cent 


Year resistant 





1947-1948 286 17.8 





1949 228 29.1 





1950-1951 269 43-47 











rostt 293 
Method: Blood agar plate, filter paper disc. 
*Cultured from surgical infections treated in the Out-Patient Depart- 

ment of the Presbyterian Hospital, New York. 

tLate 1950 through January, ro5r. 

tJuly, August, September, 1951. 
selected to appraise the efficacy of the new 
antibiotic. It was soon found that in certain 
individuals, this new preparation produced 
symptoms of lower nephron nephrosis. At the 
same time, it was demonstrated that these 
large doses delayed tubular and glomerular 
filtration (29). A few cases showed a tem- 
porary suppression of urine and a disturbing 
rise in the nonprotein nitrogen. Furthermore, 
albumin appeared in considerable quantities 
in the urine with granular casts, epithelial cells 
and white cells, and occasionally red cells. 
Although these evidences of nephrotoxicity 
were reversible and no fatalities could be 
attributed to it, the report was rapidly spread 
abroad that this new antibiotic was not safe to 
use (40). It was decided to discontinue sys- 
temic treatment until the cause for the 
nephrotoxicity could be found. 

A careful study of these cases demonstrated 
that the deep tank method had resulted in a 
product which was definitely more toxic than 
the surface growth material. It was also 
found that different deep tank lots varied 
markedly in toxicity, some being more than 
twice as toxic as others. When the less toxic 
lots were used in doses limited to 80,000 to 
100,000 units a day, the evidences of kidney 
irritation were inconsequential and always re- 
versible, and these doses were in most cases 
clinically effective. 

In December, 1949, a series of 270 cases of 
infections was reported treated systemically 
with bacitracin (26). The first 85 cases re- 
ceived the surface growth product, the next 85 
the early and relatively toxic product made by 
the deep tank method, and the last 100 were 
treated with material which exceeded the 


43.0 
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tentative Food and Drug Administration 
specification mentioned. With this material 
the LD50 proved to be 500 units for a 20 gram 
mouse. A corresponding dose for a 50 kilo- 
gram man would be 1,250,000 units. We now 
believe this to be the minimum requirement 
for safety and we have requested the Food 
and Drug Administration to make this speci- 
fication official. This should give a wide mar- 
gin of safety, if the dose for an adult is kept 
below 100,000 units a day given intramuscu- 
larly in divided doses. Half of this dose is 
usually sufficient for a therapeutic effect with 
infections due to susceptible organisms. 

Bacitracin is not absorbed to: any degree 
from the intestinal tract. When given by 
mouth it materially reduces the number of 
susceptible organisms in the alimentary canal, 
including the clostridia, the gram-positive 
cocci and amebae. Although it may be given 
slowly and continuously by vein or artery, if 
these routes are particularly indicated, the 
intramuscular route is by far the most con- 
venient and safest way to administer bacitra- 
cin systemically. 


THE LOCAL ADMINISTRATION OF BACITRACIN 


Since the report of the first 100 cases of 
surgical infections treated locally with baci- 
tracin, countless numbers of localized infec- 
tions have been so treated either with aqueous 
solutions or with ointments, and many au- 
thors have attested to its efficacy. 

Surgical infections. In the last 4 years there 
has been demonstrated a steadily increasing 
resistance of Staphylococcus aureus to peni- 
cillin, as is shown in Table I, which gives 
figures for cultures derived from infections 
seen in the Surgical Out-Patient Department 
of the Presbyterian Hospital in New York 
City. This confirms results reported by Bar- 
ber from England and by Pulaski in this 
country (39). Our figures suggest that this 
trend may have come to a standstill, but as 
the cases come to us, only about half can be 
expected to respond to penicillin. 

Since July, 1950, all cultures in the Surgical 
Bacteriology Laboratory of the Presbyterian 
Hospital have been routinely tested for sus- 
ceptibility to penicillin, bacitracin, strepto- 
mycin, and terramycin. The combined re- 
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sults of two specified periods during this time 
appear in Table II and indicate that many 
other organisms beside staphylococci were re- 
sistant to penicillin and that of all the anti- 
biotics, bacitracin has the highest potency in 
all of the bacterial categories of gram-positive 
organisms. When these organisms are present, 
it would seem to be the drug of choice. If 
gram-negative rods are also present as second- 
ary contaminants and if they are susceptible, 
it is reasonable to combine bacitracin with 
streptomycin, terramycin, or possibly neomy- 
cin. Bacitracin may be the treatment of 
choice for these local infections, because it not 
only has a wide antibacterial spectrum, but it 
is not inhibited by the penicillinase-producing 
contaminants and it has a very low incidence 
of allergenicity. 

Several authors have confirmed our early 
results (25) with successful local treatment 
in surgical infections (1, 3, 12, 18). 

Bacitracin remains stable in lyophilized form 
insterile bottles at room temperature for a year 
or more. It may be dissolved in saline or 
water so as to give solutions of 500 units or 
1,000 units per cubic centimeter. It is con- 
venient to combine equal parts of 2 per cent 
novocain with a bacitracin solution containing 
1,000 units per cubic centimeter. Such a mix- 
ture may be injected with a sharp or blunt 
hypodermic needle directly into the center of 
a furuncle, which will often be quickly aborted 
by the introduction of 0.1 cubic centimeter. 
Larger furuncles may require 0.2 or 0.3 cubic 
centimeter and carbuncles 0.5 or even 1 cubic 
centimeter. With carbuncles, if there is a 
small central area of necrosis and a wide zone 
of induration, bacitracin and novocain solution 
may be injected in small quantities, not over 
1 cubic centimeter, in a circumferential man- 
ner in 6 to 8 places close to the margin of in- 
duration. The novocain minimizes the pain 
and although the first injection may be mod- 
erately painful, this distressing symptom 
passes off after a few minutes and subse- 
quent injections of the same kind on succeed- 
ing days are usually not painful. If there is a 
well localized abscess either beneath the skin 
or in the deeper tissues, instead of making an 
incision for drainage, a cure may often be 
effected by aspirating the contents of the ab- 
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TABLE II.—PERCENTAGE OF SENSITIVITIES TO 
THE FOUR ANTIBIOTICS AVAILABLE FOR 
LOCAL APPLICATION, JULY TO DECEMBER, 
1950 AND JULY TO OCTOBER, 1951* 





Per cent 
| No, sensitive to: 
| of 
strains 





Organisms 


Terra- 


Peni- | Bacitra- | Strepto- 
mycin 


cillin cin mycin 





Staphylococcus 


aureus t 55-9 97-3 93-6 95-5 





Beta hemolytic 


streptococcust 48.3 95.0 





Nonhemolytic strep- | 


tococcus 93.0 25.5 86.0 


88.3 





Coliforms = 95-3 








Proteus | _- 68.1 18.1 














Pyocyaneus | _ aur | 35.3 
*Organisms cultured from 492 infections treated in the Surgical and 
Dermatological Clinics of the Presbyterian Hospital, New York. 
tCoagulase-positive. 
Not grouped. 





scess cavity as completely as possible and in- 
troducing 2 to 5 cubic centimeters of bacitracin 
containing 1,000 units per cubic centimeter. 
If there is any reaccumulation of the exudate, 
it may be reaspirated and bacitracin again in- 
jected on subsequent days. In many cases the 
infectious process resolves after 2 or 3 aspira- 
tions and injections and a surgical procedure 
is obviated. 

As much as 5 or 10 cubic centimeters may 
be injected into such cavities, depending upon 
the size, and there is no fear of nephrotoxicity 
from doses up te 50,000 units a day. This 
would be contained in 100 cubic centimeters of 
solution, and for most large abscess cavities 10 
cubic centimeters would be sufficient. The 
larger amounts may be introduced into the 
pleural cavity, the pericardium, the perito- 
neum, or into joint cavities in a concentration 
of 500 to 1,000 units per cubic centimeter 
without any evidence of local irritation. 
Bacitracin may also be introduced into an 
abscess cavity by attaching a No. 20 intra- 
muscular needle to a small portion of plastic 
tubing, which may be placed exactly where 
needed. This permits the instillation of baci- 
tracin every 2 or 3 hours. Bacitracin may be 
delivered in this way to infected wounds. If 
necrotic tissue has to be removed, as in cases 
of chronic osteomyelitis, as soon as the dead 
bone has been removed, the resulting wound 
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should be flushed with bacitracin solution con- 
taining 1,000 units per cubic centimeter. A 
silk tampon should be inserted into the cavity 
and this packed with coarse meshed gauze 
wet with the antibiotic solution. The packing 
may then be changed daily leaving the silk 
tampon intact until the wound surface has 
been completely covered with granulation 
tissue, at which time it may be closed second- 
arily, or covered with skin grafts. 

Bacitracin may also be applied to infected 
burns, ulcers or wound surfaces in ointment 
form. The best vehicle that we have found is 
a carbowax base made up of two parts of 
carbowax 4,000, five parts of carbowax 1,540, 
and five parts of polyethylene glycol (carbo- 
wax 300). These proportions may need to be 
changed slightly in order to give the ointment 
a soft consistency at different seasons of the 
year. The carbowaxes are put together and 
sterilized in a water bath or in a dry oven. 
When the mixture cools, the antibiotic may be 
added in a concentrated form so as to yield 
500 units per gram of ointment. Bacitracin is 
readily liberated from this vehicle and is 
absorbed to some extent from the surface of 
the wound. Very low levels of the antibiotic 
are found in the blood stream and somewhat 
higher levels in the urine, but there is never 
any evidence of nephrotoxicity. Manufactur- 
ing concerns have put out bacitracin in a 
petrolatum base, in which it is more stable 
and therefore more suitable for storage and 
transportation, but when bacitracin ointment 
can be made up in a pharmacy fresh from day 
to day or week to week, the carbowax base is 
preferable. 

Cases which illustrate the local use of baci- 
tracin in surgical infections may be briefly 
summarized as follows: 

L. B. This man complained of a painful swelling 
beneath the chin of a week’s duration with difficulty 
in swallowing. There was an abscess about 4 centi- 
meters in diameter, standing out from the surface 
about 2.5 centimeters. The center was covered by a 
small scab. On removing the scab, a tiny droplet 
of pus came out, from which a culture was taken. 
With a blunt needle 2 cubic centimeters of bacitracin 
containing 2,c00 units were injected and on with- 
drawing the needle a large quantity of pus and some 
slough drained out. Another o.5 cubic centimeter of 
bacitracin was then instilled and a dry dressing was 
applied. The culture showed a hemolytic Staphylo- 
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coccus aureus, coagulase-positive, and sensitive to 
both penicillin and bacitracin. Twenty-four hours 
later the lesion was almost flat and there was no 
longer any difficulty in swallowing. Bacitracin was 
again instilled and part of this drained out mixed 
with pus. Another o.5 cubic centimeter of bacitracin 
was injected. On the following day discharge had 
practically ceased. When seen 6 days later, the area 
of the abscess was entirely flat and the wound well 
healed. 


This case illustrates the cure of an abscess 
by aspiration and instillation with bacitracin, 
obviating the necessity for surgical drainage. 


A. B. This elderly lady entered the hospital com- 
plaining of two extensive ulcers on the right leg. The 
larger one on the outer side measured about 12 by 5 
centimeters and was of 18 months’ duration. The 
smaller one, on the inner side, was of 6 months’ 
duration. The lesion had started as a small scratch 
on the outer surface. Infection set in and spread 
“like wildfire,” forming a large ulcer. Her local 
doctor excised the area of ulceration and applied 
zinc peroxide. The wound became clean and a skin 
graft was attempted. This seemed to take well at 
first, but in about 1o days the infection flared up 
again. The lesion was again excised, but this did 
not bring the infection under control. After 1 yeara 
similar lesion developed on the inner surface of the 
leg and both extremely painful ulcerations persisted 
up to the time of admission. There was profuse 
exudate on the surface of pale granulations and 
considerable swelling of the whole area, but there 
was no gangrene of the skin and no extensive under- 
mining. The cultures revealed a coagulase-positive 
hemolytic Staphylococcus aureus and a nonhemoly- 
tic streptococcus, both resistant to penicillin and 
susceptible to bacitracin. Bacitracin in a carbowax 
base was applied to the ulcerated areas and the 
patient had a good night’s sleep for the first time in 
weeks. The infection subsided rapidly. Bright red 
granulations grew up and new skin began to grow in 
from the margins. On the ninth day both areas 
were covered by small deep Davis grafts taken from 
the thigh. These were held in place with a single 
layer of coarse meshed gauze covered over with a 
thick layer of cotton wet with saline and sealed with 
a double layer of zinc oxide ointment gauze. All 
of the grafts took satisfactorily and soon fused to- 
gether covering over both areas with vigorously 
growing epithelium. 

This case illustrates the rapid control by 
bacitracin ointment of a longstanding, ex- 
ceedingly painful, incapacitating, double, in- 
fectious ulceration of the leg, permitting a 
successful skin graft. 

W. W. This patient had a carbuncle of the lower 


lip of 3 days’ duration, involving about half of the 
lip somewhat more on the left than on the right of the 
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midline. There was an area of slough near the right 
extremity and two smaller openings on the left with 
undermining of the mucous membrane. He had 
been given 300,000 units of crysticillin for 2 days 
without any effect on the lesion. Therefore a culture 
was taken and bacitracin solution containing 1,000 
units per cubic centimeter was instilled into the 
center of the lesion through the openings with a blunt 
needle and bacitracin ointment was applied. The 
culture yielded a coagulase-positive hemolytic 
Staphylococcus aureus, susceptible to both peni- 
cillin and bacitracin. The following day the lesion 
was very much improved with less induration and 
discharge. A small amount of slough was removed 
and bacitracin solution was again instilled. On the 
following day the process had almost completely 
subsided. The openings had dried up and were 
sealed with scabs. It was impossible and unneces- 
sary to give any further injections. Healing pro- 
gressed rapidly. 


This case illustrates a dangerous carbuncle 
of the lower lip responding promptly to the 
local injection of bacitracin solution after 
systemic penicillin had failed. 


E. R. This patient had had a sebaceous cyst in 
front of the lobe of the right ear for 2 years. Two 
days previous to examination it had become red, 
swollen, and painful, obviously infected. Novocain 
and bacitracin were injected arfd reaspirated mixed 
with pus. On the following day the inflammation had 
subsided considerably and another o.5 cubic centi- 
meter of bacitracin was injected and part of it 
reaspirated. Two days later, inflammation had en- 
tirely disappeared and 5 days after that, under 
novocain anesthesia which contained bacitracin, the 
area of the cyst was removed and the wound ' was 
closed primarily with silk sutures. The wound healed 
by primary union. No culture was taken, because 
the pus was mixed with bacitracin, but the rapid 
response to bacitracin treatment indicated that the 
organism was susceptible. 


This case illustrates the prompt subsidence 
of inflammation in an infected sebaceous cyst 
following the injection of bacitracin, permit- 
ting, 1 week later, an excision and successful 
primary closure. 

Neurosurgical infections. In neurosurgical 
infections the local instillation of 5 to 10 
cubic centimeters of a bacitracin solution con- 
taining 500 to 1,000 units per cubic centimeter 
intrathecally by lumbar or cisternal puncture, 
into the ventricle, or into the cavity left after 
excision of a brain abscess, is well tolerated 
once or twice a day without any signs of 
toxicity. This local use is probably more im- 
portant than the intramuscular injections in 
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such cases because of the difficulty bacitracin 
has of passing the blood-brain barrier. De- 
tails of local treatment in neurosurgical infec- 
yo have been given in other reports (44, 45, 
46). 

Skin infections. There have been numerous 
favorable reports in the dermatological litera- 
ture regarding the local use of bacitracin in 
the pyodermas (5, 8, 9, 10, 28, 30, 31, 48). 

Eye, ear, nose and throat infections, respira- 
tory infections, and intestinal infections. Inas- 
much as bacitracin is not readily absorbed 
from the digestive tract (20, 42), administra- 
tion by mouth may be considered local treat- 
ment for infections of the mucous membrane 
lining of the alimentary tract and the respira- 
tory tract. Even with oral doses of 250,000 
units a day, blood levels are hardly detectable, 
although bacitracin may be found in the urine 
in a concentration of 1 to 2 units per cubic 
centimeter. From 25 to 30 per cent of the 
amount given by mouth may be recovered 
from the stool. This means that it is available 
for its antibacterial action against suscepti- 
ble organisms. The anaerobic streptococci 
and spirochetes of the mouth are particularly 
susceptible as are the aerobic hemolytic strep- 
tococci which commonly cause acute tonsillitis 
and pharyngitis. The enterococci and clos- 
tridia of the intestine also yield to its action. 

Bacitracin in tablet or troche form contain- 
ing 1,000 units per tablet is effective in acute 
inflammation with or without ulceration in 
the oral cavity. So far as the authors have 
seen, there has been no evidence of local irri- 
tation or allergic response, which is so com- 
mon when penicillin is given by mouth (7). 

Bacitracin in ointment form has been espe- 
cially prepared for conjunctival infections and 
it has proved effective in cases due to strepto- 
cocci, staphylococci, and pneumococci. It 
may be used as a prophylactic against -gono- 
coccal infections in the newborn (4). The 
local application of saline or aqueous solutions 
containing 500 to 1,000 units per cubic centi- 
meter to inflamed mucous membrane of the 
conjunctivae and paranasal sinuses is also 
often rapidly effective in eliminating suscepti- 
ble organisms and resolving the infectious 
process. It is essential that such solutions 
should come in close contact with every part 
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of the infected surface. This is often difficult 
in sinus infections, even with the Proetz meth- 
od (35, 43). Ophthalmologists and otolaryn- 
gologists have been particularly impressed 
with the low incidence of allergic reactions 
which are so commonly seen following treat- 
ment with penicillin. 

Bacitracin has been used locally also as an 
aerosol for lung infections, particularly in con- 
ditions such as bronchiectasis. It has been 
used both alone and combined with penicillin, 
when synergism has been demonstrated by 
the antibiotics against the infecting organisms 
(36, 37, 38). 

Favorable results have also been observed 
in cases of regional enteritis, in ulcerative 
colitis, and particularly in cases of amebic 
dysentery. In intestinal infections 6 to 8 
tablets a day should be given, each tablet con- 
taining 10,000 units. Improvement in the 
first two diseases mentioned is gradual and 
not dramatic and it may not be successful in 
more than half of the cases, but in amebic 
colitis the symptoms disappear promptly 
and there is usually rapid healing of the ulcera- 
tions as seen by proctoscopy. In the great 
majority of cases the amebae disappear from 
the stool and a cure results. About 25 per 
cent may have a late reappearance of the 
organisms in the stool without clinical symp- 
toms. A second or third series of treatments 
may be necessary to eradicate them complete- 
ly (6, 14, 17, 32, 33, 34). 

In intestinal infections and for reducing the 
intestinal flora before surgical procedures on 
the intestine, combinations of bacitracin with 
antibiotics effective against the gram-negative 
aerobic rods are clearly indicated. Just which 
combination is most effective in these condi- 
tions requires extensive clinical and labora- 
tory study. The occurrence of moniliasis after 
treatment with some of these other antibiotics 
must be kept in mind. This has not been ob- 
served after bacitracin, as far as we know. 


THE SYSTEMIC ADMINISTRATION OF 
BACITRACIN 


Since the preliminary report on the first 105 
cases treated by the systemic administration 
of bacitracin in 1948 (24), experience has been 
limited because of the occurrence of disturbing 
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nephrotoxicity when the first material pro- 
duced by the deep-tank method was employed. 
This began with the last few cases of that pre- 
liminary series and the explanation could only 
be found by a careful analysis of the early 
cases treated with the deep-tank material. 
When it was discovered that disturbing 
nephrotoxicity could be avoided by employing 
lots which met the specification of LDs0 of 
500 units for 20 gram mice and by limiting 
the dosage to 100,000 units a day, confidence 
in the efficacy and safety of systemic bacitracin 
was restored, as described in the second publi- 
cation (26). Since then others have confirmed 
these results, among them, Longacre and 
Waters (19), Reisner, Bailey and Appelbaum, 
Volini and Kadison (47), Friedberg and Bader, 
and Grabscheid. 

The present authors, after a careful analysis 
of the last 160 cases which they have treated, 
are willing to recommend the wider employ- 
ment of material now available by any doctor 
who can follow his case with the necessary 
laboratory studies and with the following 
limitations of dosage in mind. It is believed 
that with continued efforts at purification by 
the three manufacturers now producing baci- 
tracin, the specifications for toxicity may be 
further raised and the margin of safety further 
increased. 

Method of management. Bacitracin is much 
more slowly eliminated through the kidneys 
than is penicillin, measurable amounts being 
present in the blood for 6 to 8 hours after in- 
jection. In the previous reports (24, 26) the 
majority of the patients received an intra- 
muscular dose every 6 hours. It has recently 
been found that injection every 8 hours is 
clinically effective and is much more con- 
venient for the patient and for the nursing 
staff. Dosage may be estimated roughly from 
200 to 400 units per kilogram of body weight. 
The upper limit of this dosage would give a 50 
kilogram man 20,000 units and a 70 kilogram 
man 28,000 to 30,000 units for a total of 
60,000 to 90,000 units a day. Only under un- 
usual conditions should the dosage be more 
than 100,000 units a day in“divided doses, for 
reasons discussed later. 

The material should be dissolved in the 
appropriate amount of 2 per cent novocain 
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in saline, so as to reach a concentration of 
10,000 units per cubic centimeter. This should 
be injected into the muscles of 4 or 6 different 
areas in rotation, in order to minimize the 
local pain which varies considerably in differ- 
ent individuals. Occasionally a patient with 
a low threshold for pain is considerably dis- 
turbed by these injections, particularly if they 
are given twice in the same area, while others 
take them without difficulty. If given intra- 
venously or intra-arterially, bacitracin should 
be administered slowly in a saline infusion and 
not more than 10,000 units given over a period 
of 4 hours. 

Some patients complain of loss of appetite, 
others of nausea, and a few patients vomit. 
These symptoms may be considerably reduced 
by administering dramamine and they are not 
an indication for stopping treatment unless the 
vomiting is so frequent that it interferes with 
nutrition. The urine should be kept alkaline 
with the oral administration of sodium lactate 
or sodium bicarbonate with each injection of 
bacitracin. The fluid intake and output 
should be carefully measured each day. At 
first there is often an increased urinary output. 
If there is a decrease, it should be carefully 
watched and treatment stopped, if the output 
gets down to 500 cubic centimeters a day for 
adults or corresponding quantities for chil- 
dren. The blood urea nitrogen should be 
measured before the administration of baci- 
tracin and twice a week thereafter, until a 
week or 10 days after treatment has been dis- 
continued. There may be a slight rise in blood 
urea nitrogen during the course of treatment, 
but unless the initial figure is doubled, there is 
no indication for stopping treatment. The 
urine should be examined daily for albumin, 
casts, and cellular elements. These may be 
expected to appear on the third or fourth day, 
but usually with continued treatment they 
disappear again or are considerably reduced, 
indicating that the kidney in some way adapts 
itself to the drug during the course of treat- 
ment. After it is stopped, all of these abnor- 
malities disappear. Every patient who has 
had any evidences of nephrotoxicity and who 
has not died of his infection per se, has come 
back for re-examination and it has been found 
that the albumin has disappeared from the 
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urine and the blood urea nitrogen, if it 
had risen, has returned to normal. 

Treatment should be continued in systemic 
cases generally for a week or 10 days. Whenever 
necessary, however, it may be carried on 
longer. One patient in this series with Behcet’s 
syndrome (Series No. 1085) was given 20,000 
units intramuscularly twice or three times a 
day over a period of 10 months, with a total 
of more than 10 million units, without any 
evidence of residual kidney irritation. An- 
other patient (Series No. 1072), reported pre- 
viously (26), took 10,000 units every 8 hours 
for 50 days and 20,000 units every 8 hours for 
83 additional days with only occasional albu- 
min in the urine and no change in the nonpro- 
tein nitrogen. 

Method of appraisal. The following portion 
of this report presents an analysis of the last 
160 cases treated with intramuscular injec- 
tions of bacitracin. These represent all of the 
cases treated under the direction of the au- 
thors since the publication in December of 
1949 of the first 270 cases (26) up to the time 
of the preparation of this paper. Many of 
these cases were referred to the authors when 
all other treatment had failed and when all 
hope was gone. A number of the cases were 
moribund when bacitracin treatment was 
started. When called for in desperate cases, 
bacitracin was never refused. Some of the re- 
ferred cases were transferred to the Presbyte- 
rian Hospital in New York, but many were 
treated in nearby and suburban hospitals. 

These 160 cases may be divided into five 
groups (Table IIIa), the largest containing 85 
various established surgical infections which 
were treated either directly or indirectly by 
the senior author (F.L.M.). A small group of 
8 of his surgical cases form the second group. 
These received bacitracin prophylactically at 
the time of operation because infection was 
anticipated. The third group comprises 24 
medical infections related in one way or 
another to the practice of surgery. Their 
treatment also was directed by the senior 
author. Most of the cases in the fourth and 
fifth groups were treated directly or indirectly 
by the junior author (P.T.). There were 22 
established neurosurgical infections which 
received intrathecal, intraventricular, or intra- 
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TABLE Iila.—OVER-ALL RESULTS OF BACITRACIN THERAPY IN 160 CASES 





Results of treatment 





Total No. 


eaies Excellent 


Good Questionable No effect 





Per cent 


Per cent No. Per cent R Per cent 





Surgical infections 85 27 


48 21 





Prophylactic surgical cases 8 — 


88 _ 





Related medical infections 24 54 


33 4 





Neurosurgical] infections 22 23 





64 4 





Prophylactic neurosurgical cases 21 | —_ 


13 62 29 











Totals 160 41 26 




















83 52 16 





Excellent and good (favorable) results in 78 per cent of cases 
Questionable and no effect (unfavorable) results in 22 per cent of cases 


TABLE I11b.—RESULTS IN 43 CASES RECEIVING 
SYSTEMIC BACITRACIN ONLY AND IN I17 
RECEIVING BOTH LOCAL AND SYSTEMIC 
THERAPY 





Results of treatment 





Treatment No. Per | Ques- 
Good | cent | tion- a. 
No. | favor-| able No. 


No. able | No. 





Systemic only 43 18 13 72 7 5 





Systemic and local} 117 23 70 79 19 5 























Totals 160 41 83 78 26 5 ce) 





cerebral bacitracin and intramuscular injec- 
tions as well. It was also used prophylactically 
in 21 neurosurgical cases in which the develop- 
ment of infection was to be anticipated. 
The clinical and laboratory data from these 
160 cases have been analyzed from many 
standpoints, the most important of which are: 
the clinical diagnosis, the duration of illness 
before the administration of bacitracin, the 
previous treatment, the bacteriological find- 
ings, the results of tests for the sensitivity of 
the organisms either causing the infection or 
present as secondary contaminants, the dosage 
of bacitracin, the intervals of administration, 
the duration of treatment, the evidences of 
toxicity, the synergistic action of bacitracin 
with other antibiotics, and the accompanying 
surgical procedure, if any. All of these factors 
have been correlated with the results of the 
treatment to find out what part each played in 
the success or failure of that treatment. 
When the sulfonamides and the antibiotics 
first became available, the senior author 


pointed out the difficulties of appraising a 
chemotherapeutic agent in the treatment of 
surgical infections which formerly required a 
surgical procedure for their control and cure 
(22). At that time it was stated that if the use 
of a drug obviated surgery or permitted a 
limited procedure when a radical one would 
ordinarily be indicated, if it definitely short- 
ened healing time or caused a rapid disappear- 
ance of the causative organism, or if it per- 
mitted a primary closure or an earlier success- 
ful secondary closure than would ordinarily 
have been expected, the favorable role of the 
drug would have to be acknowledged. 

As in our previous studies with penicillin 
(23) and bacitracin (24, 26), the cases have 
been divided into four groups according to the 
result obtained. Results were called “excel- 
lent” if the infection came under control 
within 72 hours. The response in these cases 
was often surprising in its rapidity and in- 
dicated a rapid cessation of activity of the 
invading organisms. If the response was defi- 
nite but somewhat slower in its manifestation, 
the results were called “good.” When it 
could not be certain that the drug had played 
any role in the subsidence of the infection, the 
cases were put in the “questionable” group. 
This includes patients receiving only a few 
doses of the drug. When it was obvious that 
the infection went on its way notwithstanding 
bacitracin treatment, the drug was listed as 
having “no effect.” 

Results obtained. The over-all results of 
treatment are shown in Table IIIa. If the 
“excellent” results and the “good” results are 
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called favorable, it is seen that favorable re- 
sults were obtained in 78 per cent of these 
cases. In the prophylactic cases none are 
listed as ‘excellent’? because infection does 
not usually establish itself within 72 hours 
and the effect of the drug could not be judged 
until the case had gone on to complete healing. 

Surgical infections in contrast to medical 
infections are characterized by the local break- 
down of tissue or the local exudation of leuco- 
cytes. In using antibiotics in their treatment, 
the opportunity is often given to apply the 
drug not only systemically through the 
blood stream, but also locally at the main 
focus of infection. This was true in 117 cases 
in this series (Table IIIb). The results were 
excellent in 23 of these cases and good in 70, 
which is 80 per cent favorable. In the other 
43 cases, bacitracin was administered by 
intramuscular injection without any local 
application at the principal focus of infection. 
Eighteen of these gave an excellent response 
and 13 good, for a total of 72 per cent favor- 
able results. These two groups do not repre- 
sent parallel or comparable series. In the 
cases in which bacitracin was given system- 
ically only, there was generally no breakdown 
of tissue and so the favorable results were 
more prompt in their manifestation. On the 
other hand, in the cases which received the 
combination of systemic and local treatment, 
the good results outweighed the excellent re- 
sults by more than 3 to 1. 

It is the authors’ experience that whenever 
possible bacitracin should be used locally as 
well as systemically because one is then able 
to apply the drug in close contact with the 
causative organisms and in a much higher 
concentration than could otherwise be ob- 
tained. This is particularly true in neurosur- 
gical infections. Yet it is seen that bacitracin, 
even in the small doses which are used with 
safety by intramuscular injections, is able to 
overcome infections which are operative at a 
distance from the site of injection. 

One hundred and five of the 131 established 
infections were treated with bacitracin as the 
only antibiotic, when once it had been started. 
The results were favorable in 84 per cent. The 
other 26 had bacitracin combined with other 
antibiotics with a 61 per cent favorable re- 
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sponse. Some of the combinations were used 
because the cultures indicated a mixture of 
organisms not entirely covered by bacitracin, 
while in other cases the other agents were 
added when bacitracin failed to control the 
infection. However, in 6 out of the 8 cases 
treated with bacitracin and penicillin, a syn- 
ergistic action was demonstrated between the 
two antibiotics and in 5 of these the results 
were favorable. Six out of the 8 prophylactic 
surgical cases also received other drugs be- 
cause of operations on the intestinal tract 
where contaminants other than those suscepti- 
ble to bacitracin were to be expected. Among 
21 prophylactic neurosurgical cases, 15 pa- 
tients received penicillin intramuscularly along 
with the bacitracin, but only bacitracin was 
used locally in the brain or on the meninges 
because bacitracin is so much less toxic to 
brain tissue than is penicillin. 

Clinical categories. When these groups are 
broken down according to the clinical diag- 
noses, we find that the largest group among 
the surgical cases comprises 11 infected opera- 
tive wounds and 10 cases of chronic osteomye- 
litis, the majority of which gave a favorable 
response to bacitracin. Several of the smaller 
groups were particularly responsive, namely, 
6 cases of undermining burrowing ulcer, 6 
cases of bacterial synergistic gangrene and 3 
cases of gas gangrene. Altogether 36 different 
clinical categories of surgical conditions were 
treated and favorable results were obtained 
in 76 per cent, as shown in Table IVa, which 
includes the prophylactic cases as well as the 
established infections. In the related medical 
infections (see Table IVb) there were favor- 
able results in 88 per cent. This high score is 
due to the fact that 13 of these cases were 
instances of recurrent erysipelas all occurring 
in the same person. Reference will be made to 
this patient later in the discussion. In the 
neurosurgical group, including the prophylactic 
cases as well as the established infections, 43 
cases are shown in Table IVc with favorable 
results in 74 per cent. The frequency of 
susceptible organisms and the almost com- 
plete lack of toxicity of bacitracin for brain 
and nerve tissues would seem to make it 
worth while to consider bacitracin as the drug 
of choice in most neurosurgical infections. 
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TABLE IVa.—RESULTS OF BACITRACIN THER- 
APY ON THE BASIS OF CLINICAL GROUPS 


Surgical Infections* 
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TABLE IVb.—RESULTS OF BACITRACIN THERAPY 
ON THE BASIS OF CLINICAL GROUPS 


Related Medical Infections 





Results of treatment 





Total 

Ques- 

No. tion- 
able 
cases No. 
cases 


Diagnosis Excel- 
cases | lent ‘ 
No. : 


cases 


Results of treatment 





Ques- No 
effect 
No. 


Excel- 
lent 
No. 

cases 


Diagnosis ed 
able 
cases No. 

cases 


Good 
No. 





Infected operative wound t 3 


Recurrent erysipelas* ° 





Chronic osteomyelitis 2 


Endocarditis ° 





Undermining burrowing 
ulcer 





Bacterial synergistic 
gangrene 





Cellulitis 





Infected accidental wound 





Peritoneal abscess 





Ulcer of leg or foot 





Gas gangrene 





Abscess of liver 





Miscellaneous (2 cases of 
each) ¢ 


Postoperative pneumonia ° 





Miscellaneous (1 case of 
eac 2 











Totals 24 8 














Favorable results in 88 per cent of cases 





*All attacks in the same patient. . . 
tIncluding Behcet’s syndrome, pemphigus, cavernous sinus throm- 
bosis, sinusitis. 


TABLE IVC.—RESULTS OF BACITRACIN THERAPY 
ON THE BASIS OF CLINICAL GROUPS 


Neurosurgical Infections 








Miscellaneous (1 case of 
each)f 2 4 





Prophylactic ° 7 














Totals 23 48 
Favorable results in 76 per cent of cases 














*28 different clinical categories. 

tIncluding decubital ulcers, infected compound fracture, acute osteo- 
myelitis, granuloma gangrenescens, abscess of breast, multiple infected 
sebaceous cysts, deep abscess, diabetic gangrene of foot, scrotal gangrene. 

tIncluding tetanus, acute lymphadenitis, infected pilonidal cyst, 
dacryocystitis, sinusitis, infected epithelioma of skin, general peritonitis, 
multiple lung abscesses, multiple abscesses of abdominal wall. 


Duration of infection. Table V shows the 
results in the 131 established infections accord- 
ing to the duration of illness before the ad- 
ministration of bacitracin. Thirty days were 
taken arbitrarily as the dividing line between 
acute and chronic infections. The acute cases 
were placed in two groups, the first of which 
were treated promptly with bacitracin within 
the first 4 days of the illness. With the others, 
treatment with bacitracin was delayed for one 
reason or another from 5 to 30 days from the 
onset of the illness. It is seen that favorable 
results were obtained in 88 per cent of the 34 
cases treated in the first 4 days. The rest of 
the acute group yielded 81 per cent in 43 
cases, while in the 54 chronic infections the 
favorable response fell to 72 per cent. It is 
also seen that in the early group the response 
was excellent in 21 cases and good in about half 


Results of treatment 





Di i . oy Excel N 
iagnosis oO. xcel- 0 
cases | lent Gent effec! 

No. uate No. 
cases “ 





Meningitis 2 





Brain abscess ° 





Infected craniotomy wound 





Infected laminectomy wound 





Osteomyelitis of skull 





Epidural abscess I I 





Prophylactic 21 ° 13 




















Totals 43 5 27 
Favorable results in 74 per cent of cases 








that number, whereas in the acute infections 
of longer duration the excellent results were 
only one-fourth as many as the good results. 
Among the chronic infections there were still 
13 which responded promptly within the first 
72 hours, but this was only half of the number 
which were placed in the “good” category. 
Previous treatment. Ninety-seven, or almost 
three-quarters of these 131 cases, had had 
previous treatment which had failed to bring 
the infection under control. All but 3 of the 97 
had had penicillin either alone or with one 
or more other antibiotics, including strepto- 
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mycin, aureomycin, chloromycetin, terra- 
mycin, or one of the sulfonamides. In the 34 
cases which had had no previous treatment, 
the results were favorable in 91 per cent and 
almost twice as many were placed in the “‘ex- 
cellent” as in the “good” column. The re- 
sults in the group which had had previous 
treatment were only 75 per cent favorable. 
This difference may be due largely to the fact 
that those which had had no previous treat- 
ment were treated earlier in the course of the 
illness than the others, while those which had 
had first one and then another antibiotic 
without a favorable response, dragged on into 
the more chronic stages of illness when there 
was often necrosis of tissue or physiological 
disturbances represented by anemia and pro- 
tein and electrolyte imbalance. Furthermore, 
in the cases of longer duration secondary con- 
taminants often came into the picture causing 
synergistic action with the primary invaders. 
It is seen in Table VI, however, that al- 
though 27 cases failed to respond to penicillin, 9 
of those cases gave an excellent response to 
bacitracin and 16 a good response, for a total 
of 93 per cent favorable cases. Cases which 
had received penicillin in addition to from 1 to 
3 other antibiotics without success, showed a 
progressive decline in favorable results, except 
for the small group of 7 cases which had had 
all kinds of treatment and yet all of them were 
favorable in their response to bacitracin. 
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TABLE V.—RESULTS OBTAINED IN 131 ESTAB- 
LISHED INFECTIONS ACCORDING TO THE 
DURATION OF SYMPTOMS BEFORE BACI- 
TRACIN THERAPY 








Results of treatment 





Dura- 
tion Per 


in 
days 


Ques- 
tion- 
able 

No. 
cases 


cent 
favor- 

able 

No. 
cases 





Acute infection I-4 34 21 9 88 





5-30 | 43 7 28 81 


Acute infection 





Chronic infection jover30] 54 13 26 72 


























Totals 131 41 63 79 





Bacteriology. Naturally, in any study of 
surgical infections the causative organisms 
and the secondary contaminants are of pri- 
mary importance and interest. Some of the 
secondary contaminants are able to invade 
the local tissues and the body as a whole. 
Others not invasive themselves may act as 
synergists and thus potentiate the primary in- 
vaders, while still others are simply there as 
saprophytes and multiply in the presence of 
destroyed tissue which serves as their pabulum. 
The results of bacitracin therapy according to 
the bacteria cultured in this series of cases are 
shown in Table VII. This includes 186 differ- 
ent strains of organisms, some in pure culture 
and others mixed. It is seen, as was the case in 
the previous reports on penicillin (23) and 


TABLE VI.—RESPONSE TO BACITRACIN IN 34 PREVIOUSLY UNTREATED CASES AND THE RE- 
SULTS IN 97 ESTABLISHED INFECTIONS WHICH FAILED TO RESPOND TO OTHER ANTIBIOTICS 





Systemic therapy = 


Results of treatment 





Excellent Per cent a ge 
N able 


o. favor- r 
able* No. 
cases 


Per cent 
Unfavor- 


cases able 





Previous treatment: 
Penicillin only 





Penicillin plus 1 other antibiotic 





Penicillin plus 2 other antibiotics 





Penicillin plus 3 other antibiotics 





Penicillin plus 4—6 other antibiotics 





Treatment other than penicillin 








Totals 





No previous treatment 








Totals 




















*Percentages not figured for less than 10 cases. 
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TABLE VII.—RESULTS OF BACITRACIN THERAPY ACCORDING 
TO THE BACTERIA FOUND BY CULTURE 








Total 
incidence 
No. 


cases 





Results of treatment 





Question- 
able 
No. 
cases 


- Per cent 


canna favorable 





Hemolytic streptococcus, pure 


° 





Hemolytic streptococcus, mixed 


2 





Nonhemolytic streptococcus, pure 


° 





Nonhemolytic streptococcus, mixed 





Staphylococcus aureus, pure 





Staphylococcus aureus, mixed 





Anaerobic or microaerophilic cocci, pure 





Anaerobic or microaerophilic cocci, mixed 





Clostridium welchii, pure 





Clostridium welchii, mixed 





Gram-negative rods, pure 





Gram-negative rods, mixed 





Others, pure 


60 





Others, mixed 


78 





No growth from cultures 


5° 





Culture not taken 


95 





Total cases, pure 58 


32 78 





Total cases, mixed 49 


24 78 





Total cases with no culture or no growth 24 


7 88 








Totals of cases 131 

















63 79 





bacitracin (26), that a large number of these 
infections were caused by a mixture of organ- 
isms. In this series of 131 established infec- 
tions, pure cultures were obtained in only 58 
cases. In 49 there were mixtures of organisms 
and in 20 no cultures were taken. In 4 no 
growth was obtained from the specimens. 
Organisms were seen on stained smears of the 
exudate, but they failed to grow with the 
method of cultivation employed, although the 
cases were unquestionably infections, possibly 
anaerobic. The 20 casesin which noculture was 
taken included the 13 instances of recurrent 
erysipelas in which the infectious agent was 
almost certainly a hemolytic streptococcus, 
and where it was not possible to obtain a cul- 
ture without local injection of the tissues, 
which seemed to be unnecessary and unwise. 
The other cases were for the most part those 
in which the inflammation was diffuse, as in 
cellulitis and postoperative pneumonia, and 


in which it did not seem possible at the time 
to obtain a culture. In such cases treatment 
has to be to some degree guesswork. The 
favorable results obtained in these cases does 
not nullify the dictum that cultures should be 
obtained whenever possible. 

It is seen in Table VII that favorable results 
were obtained just as often in the mixed in- 
fections as in the pure infections. This was 
true in the previous bacitracin study (26) in 
contrast to the results obtained in the penicil- 
lin study (23). The same thing is true when the 
pure and mixed infections are broken down into 
each of the main bacterial species groups. 
This may be explained by the fact that baci- 
tracin not only has a wide range of activity 
over the invasive organisms, but is not in- 
hibited (as is penicillin) by any substance like 
penicillinase, which is so often produced by 
secondary contaminants not of themselves 
invasive organisms. 
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The largest single group are the staphylo- 
cocci most of which were coagulase-positive. 
This is the only group which occurred more 
often in pure than in mixed cultures, and yet it 
is seen that the favorable results were the 
same in both instances. The favorable results 
with the anaerobic and microzerophilic cocci 
are particularly noteworthy. It is of consider- 
able interest and importance that the Welch 
bacilli and the gram-negative rods were never 
found in pure culture. The Welch bacillus is, 
of course, often locally invasive and kills by 
producing a powerful toxin in the local area of 
its activity. An unexpected finding was the 
high incidence of good results in the cases 
yielding gram-negative rods, which are ordina- 
rily resistant to bacitracin except in high con- 
centrations. It should be noted again that 
these only occurred in mixed infections. In 
some of these cases they must have been there 
simply as surface growing organisms which 
were either held in check by the concentration 
of the local bacitracin or yielded to another 
antibacterial agent used in conjunction with 
the bacitracin when the laboratory tests or 
the clinical course indicated that this should 
be done. 

Bacterial resistance and susceptibility. In the 
Laboratory for Bacteriological Research of the 
College of Physicians and Surgeons particular 
attention has been paid to the tests for sensi- 
tivity of the organisms to penicillin and baci- 
tracin. These tests have been carried out by 
one of us (B.A.J.) in almost all of the cases in 
this series treated in the Presbyterian Hos- 
pital. They were done with 136 of the 186 cul- 
tures obtained and were not done with 50 
strains recovered for the most part from pa- 
tients treated in neighboring hospitals which 
did not have the facilities for these tests. 

Inasmuch as 94 of the 131 cases of estab- 
blished infection had failed to respond previ- 
ously to penicillin with or without other anti- 
biotics, it was important to know whether this 
was due to the fact that the organisms were 
primarily resistant or had developed a resis- 
tance to penicillin during the course of inef- 
fective treatment or whether the lack of suc- 
cess could be assigned to some other cause. 
When a similar study was carried out in the 
previous series (26), it was found that 122 
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TABLE VIII.—SENSITIVITY OF THE 
ORGANISMS TO PENICILLIN AND BACITRACIN 





Sensitivity* 
Total 
inci- 
dence . PS PR 
No. BR BR 
cases . | No. Yo. | No. 
cases cases 





Organisms 





Hemolytic Streptococcus t ° ° 





Nonhemolytic 
streptococcus ° I 





Staphylococcus aureus ° 6 





Anaerobic or microaero- 
philic cocci ° 





Clostridium welchii ° 





Gram-negative rods 23 





Others 5 























Totals 35 


*PS—Penicillin sensitive 
PR—Penicillin resistant 
BS—Bacitracin sensitive 
BR—Bacitracin resistant 

tNot grouped. See text 





cultures of all kinds were susceptible to 
both bacitracin and penicillin, 104 were sus- 
ceptible to bacitracin but resistant to penicil- 
lin, and 11 were resistant to bacitracin but 
susceptible to penicillin. Ninety-two were re- 
sistant to both, most of these being gram-nega- 
tive rods which are only susceptible to these 
antibiotics when they are present in very high 
concentration. In the present study (Table 
VIII), only 39 were susceptible to both, while 
61 were resistant to penicillin and susceptible 
to bacitracin. Only 1 was susceptible to peni- 
cillin and resistant to bacitracin. (This was a 
Bacillus subtilis present in a mixed culture and 
was probably of no clinical significance.) Of 
the 61 cases resistant to penicillin, 49 had had 
penicillin during the early stages of the infec- 
tion. Twelve patients did not have previous 
penicillin during the present illness, although 
they may have had it on some previous occa- 
sion. 

Additional evidence of the efficacy of bacitracin. 
An analysis of the results presented would 
seem to indicate clearly that bacitracin has 
improved therapeutic procedure in the care of 
surgical infections. This is further supported 
by the following facts: In 18 of the 131 cases 
of established infections, surgery was com- 
pletely obviated in conditions which ordinarily 
would have required a surgical procedure to 
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control the infection. In 1 other case the sur- 
gical procedure was of a very limited extent. 
In 22 of the cases an immediate primary 
closure was done after excision of the infected 
tissue. Seven of these received a primary skin 
graft. In 7 cases a secondary closure was pos- 
sible earlier than it would ordinarily have been 
expected, 5 of these being closed by skin grafts. 

Toxicity of bacitracin. With our own con- 
fidence in the efficacy and safety of intramus- 
cular bacitracin restored by the experience 
with the last 100 of the cases in the series pre- 
viously published (26), the authors were 
anxious to continue a detailed study of the 
subsequent cases so treated in order to see if 
that confidence was justified and to deter- 
mine whether the wider use of systemic baci- 
tracin by other doctors might be recommended. 

Observations have been made on the 160 
cases in this second series with particular 
reference to daily urine examination, to bi- 
weekly studies of the blood urea nitrogen or 
nonprotein nitrogen, and to the clinical symp- 
toms of loss of appetite, nausea and vomiting, 
in order to determine whether these evidences 
of toxicity could be correlated with the LDs50 
figures obtained by the Food and Drug Ad- 
ministration for the lots of bacitracin which 
were employed. With all of these factors con- 
sidered, the cases have been divided into the 
same three groups from the point of view of 
toxicity, which were used in the previous 
study. In the first group the symptoms and 
signs were slight or mild. In the second group 
they were moderate and transient. In the 
third group they were disturbing. 

In 15 of the 160 cases more than one lot of 
bacitracin was used. Two lots were employed 
in 14 of these cases and four lots in the other. 
This case was treated over a considerable pe- 
riod of time. In 9, the number of the lot used 
was not recorded. The evidences of toxicity 
were attributed to each lot used in any given 
case. The data, therefore, are for 177 case lots. 
The manifestations of toxicity of the different 
manufactured lotsemployed have been studied. 

In approximately two-thirds (68 per cent) 
of the cases, evidences of nephrotoxicity were 
slight or mild, often disappearing with con- 
tinued treatment. In 30 per cent they were 
moderate but transient and gave no concern, 


usually diminishing during continued treat- 
ment and disappearing as soon as treatment 
was stopped. In both of these categories the 
nephrotoxicity may be called inconsequential. 

In only 4 cases (2 per cent) were there any 
disturbing symptoms of toxicity. With 2 of 
these cases the appearance of a considerable 
amount of albumin made it seem advisable to 
stop treatment. One of these patients (Series 
No. 1146) was in a neighboring hospital and 
could not be directly under the care of the 
senior author (F.L.M.), so that when al- 
buminuria developed, those in charge of the case 
deemed it advisable to discontinue systemic 
bacitracin. One of these cases (Series No. 
1214), a 2 month old infant, may have had a 
dose four times larger than was intended. The 
signs of toxicity disappeared slowly but com- 
pletely in both of these patients. In another 
young patient, a boy of 6 (Series No. 1182), an 
oliguria developed on the fourth day and a 
shutdown was threatened. The blood urea 
nitrogen rose alarmingly. However, as soon as 
bacitracin was stopped, he responded to treat- 
ment and after 4 days the blood urea nitrogen 
fell and the albuminuria receded. Recent 
tests, a year and a half later, show no albumin 
and a normal blood urea nitrogen. The fourth 
disturbing case (Series No. 1176) was a man 
with multiple liver abscesses, who showed no 
apparent response to 7 days of treatment 
with bacitracin. Other antibiotics were re- 
employed to no avail. When he died 24% 
months later, death was preceded by a rising 
blood urea nitrogen. Autopsy showed healed 
liver abscesses, but a “bile nephrosis” and 
kidney damage to which bacitracin may have 
contributed although one cannot be certain of 
this. 

These last 2, which were the only very dis- 
turbing cases, had been treated with the same 
lot of bacitracin with an LDs50 of only 372+ 
28, considerably below the desired specifica- 
tion. This lot was used with some misgiving 
on that account. Two other cases treated with 
this lot developed a rash and all 7 of the pa- 
tients complained of more than the usual 
amount of pain at the site of injection. When 
these manifestations of toxicity appeared, the 
lot was withdrawn from any further systemic 
administration and 2 cases still being treated 
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were given another lot with prompt disappear- 
ance of the toxic signs. 

Table IX gives a correlation between the 
LDso as determined by the Food and Drug 
Administration and manifestations of disturb- 
ing toxicity. The trivial and transient have 
been combined because they are inconsequen- 
tial. Among 21 cases with an LDs50 range 
from 275 to 421 units for 20 gram mice, 1 case 
threatened a kidney shutdown and another re- 
vealed kidney changes at autopsy 2 months 
later, which might have been due to bacitracin. 
This gives a disturbing toxicity percentage of 
9.5. Among 141 cases treated with lots having 
an LDso range from 455 to 702 there were 
only 2 disturbing cases in which it was thought 
best to stop the treatment. This incidence of 
disturbing toxicity is 1.4 per cent. Although 
these differences are not statistically signifi- 
cant, they are in line with the results reported 
in the previous study (26). Together they in- 
dicate the wisdom of widening the margin of 
safety by requiring an LDs50 of 500 units for 
bacitracin intended for intramuscular adminis- 
tration, in order that it can be used without 
hesitation whenever it is indicated. 


ILLUSTRATIVE CASES 


The following case reports will illustrate 
many of the points brought out in the presen- 
tation of data: 


CasE 1. Series No. 1085, R. G. This 21 year old 
boy had had sores on the mucous membrane of the 
mouth and various places on the skin, particularly 
the genitals, for over 10 years. A diagnosis had been 
made of Behcet’s syndrome. He had had many 
kinds of therapy, including penicillin, the sulfona- 
mides, vaccines, moccasin venom, and various oint- 
ments and antiseptics, all to no avail. Cultures of 
the skin lesions yielded a Staphylococcus aureus and 
a nonhemolytic streptococcus susceptible to bacitra- 
cin and penicillin. He was given bacitracin in a 
dosage of 9,700 units every 6 hours intramuscularly. 
Bacitracin solution was applied locally to the mouth 
ulcers and bacitracin ointment to the skin lesions. 
Two days after initiating treatment, the purulent 
exudate diminished and the ulcers all showed signs 
of healing. However, on the third day, the patient 
became nauseated and vomited once. Nausea con- 
tinued next day, so the treatment was stopped, but 
more lesions promptly developed. He was then 
given a course of aureomycin, but it had no effect. 
Penicillin was also tried again but without avail. 
He was therefore put back on 10,000 units of bacitra- 
cin every 8 hours and again promptly began to 
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TABLE IX.—DEGREE OF NEPHROTOXICITY FOL- 
LOWING INTRAMUSCULAR ADMINISTRATION 
OF BACITRACIN IN RELATION TO THE LD50O 
AS DETERMINED BY THE FOOD AND DRUG 
ADMINISTRATION 








Toxicity 

prolonged Per 
cent 

disturbing 


Trivial 
an 
transient 
No. cases 


F.D.A. LDso 
limits 
per 20 gm. mouse 


Total 
No. cases an 
disturbing 
No. cases 





275-421 units 2I 19 2 9.5 

















455-702 units 141* 139 2 1.4 


*Omitting 6 cases treated with lots tested by the manufacturer but 
not by F.D.A., reported as having LDso of more than soo. 

Totals exceed the number of cases treated because some received 
bacitracin from more than one lot. In such instances the toxicity was 
assigned to each lot. In 9 cases the numbers of the lots were not recorded. 





improve. He left the hospital on the ninth day of 
treatment and continued the systemic bacitracin at 
home with the same dosage without toxic symptoms. 
This was continued for 3 months. During the last 
month he received 20,000 units every 12 hours. It 
was then stopped for 10 days and the lesions became 
active again. Bacitracin was readministered in a 
dosage of 20,000 units every 12 hours for 54 months. 
This permitted him to carry on his normal activities. 
Thus, over a period of 10 months, he received a total 
of 10,500,000 units of systemic bacitracin. During 
this time his blood urea nitrogen never went above 
normal and he showed only 1 plus albumin from 
time to time in the urine. During the past 22 
months local bacitracin has kept the infection under 
control. There has been no sign of nephrotoxicity. 


This case illustrates the prolonged use of 
systemic bacitracin without significant ne- 
phrotoxicity. 


CASE 2. Series No. 1132, A. C. This Columbia 
football player sustained an abrasion of the leg dur- 
ing football practice. Four or 5 hours later there 
was marked swelling of the leg, which gradually be- 
gan to stiffen and throb. The tibia was tender 
throughout its extent and a diagnosis of acute 
osteomyelitis was made. He was given 300,000 units 
of crysticillin every 3 hours, but showed no improve- 
ment. On-the third day he was admitted to the 
hospital with a high fever and high blood count. The 
right leg was greatly swollen and there was tender- 
ness all along the tibia. There was a small abrasion 
on the anterior surface of the leg, which was ob- 
viously infected. Cultures were taken which showed 
a Staphylococcus aureus, which was resistant to 
penicillin but susceptible to bacitracin, but when 
one-fifth of each of the inhibiting doses of penicillin 
and bacitracin were combined, they prevented the 
growth of the organism in vitro. With the failure to 
respond to penicillin alone, bacitracin was added to 
the treatment in a dosage of 20,000 units every 8 
hours. The whole process then promptly began to 
subside. There was marked improvement in the 
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next 24 hours and within 48 hours the temperature 
reached normal. The whole process subsided so 
rapidly that the patient was able to leave the hospital 
in a week and felt well enough on the day of dis- 
charge to go and see the football game. On the 
following week he was permitted to play. 


This was a very striking example of the 
synergistic action of penicillin and bacitracin. 


CASE 3. Series No. 1135, L. S. Nine months be- 
fore admission to the Presbyterian Hospital this 
patient was thrown from a car and suffered a com- 
pound fracture of the left forearm just above the 
wrist. The doctor wished to amputate but the pa- 
tient refused, so the doctor did his best to save the 
hand. The wound became infected in spite of dé- 
bridement and two courses of penicillin and aureo- 
mycin. The hand gradually took a flexed position 
and the wound continued to discharge large quanti- 
ties of pus from 3 sinuses. Culture yielded a pure 
Staphylococcus aureus resistant to penicillin but 
susceptible to bacitracin. The x-ray film revealed a 
very bad right-angle deformity with several seques- 
tra and abundant callus (Fig. 1). An abscess cavity 
was found between the flexor tendons and the bone. 
All diseased bone and the head of the ulna were re- 
moved and the hand was put up in a dorsiflexed 
position. The wound was then flooded with bacitra- 
cin solution containing 1,000 units per cubic centi- 
meter, tamponed with China silk and packed with 
gauze wet with bacitracin. The packing was 
changed daily. During the 20 day period of hos- 
pitalization the patient received 20,000 units of 
bacitracin intramuscularly every 8 hours. The 
wounds promptly became clean and one by one 
healed by granulations. The silk tampon was re- 
moved on the tenth day, when 2 small bone frag- 
ments were removed. These must have been left at 
operation. During the course of healing, 2 other 
small fragments of bone were extruded. Thereafter 
the wound healed promptly. Fibrous union de- 
veloped between the radius and the carpus. A bone 
graft may be required later, but the patient is 
satisfied for the present and with the aid of a leather 
brace reinforced by a metal band, she has a very 
useful hand (Fig. 2). The urine on admission showed 
no albumin or casts, and the albumin only went up 
to 1 plus for 7 out of the 20 days of systemic baci- 
tracin treatment. A few casts appeared, but there 
were never any red cells and only a few white cells 
and epithelial cells in the urine. The blood urea 
nitrogen before bacitracin was started was 11 milli- 
grams per cent and never rose above 13 milligrams 
per cent. 


This case illustrates the control of an ex- 
tensive osteomyelitis of long duration by the 
appropriate surgical procedure augmented by 
the administration of the appropriate anti- 
biotic. 
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CAsE 4. Series No. 1218, B. P. This 39 year old 
woman had a supracervical hysterectomy and 
bilateral salpingo-oophorectomy for multiple fibroids 
of the uterus. In spite of 400,000 units a day of pro- 
caine penicillin given as a prophylactic, she had a 
sudden rise in temperature on the seventh day and 
the roentgenogram revealed atelectasis or atypical 
pneumonia. The penicillin was increased to 600,000 
units every 6 hours. Aureomycin and dihydrostrep- 
tomycin were added to the antibiotic therapy, 
During the next 12 days the chest findings remained 
static, while abdominal signs, particularly distention 
and right lower quadrant tenderness, became 
prominent. In spite of this the patient had daily 
bowel movements and very little vomiting. An x-ray 
film of the abdomen revealed an extraordinary 
amount of free air or gas in the peritoneal cavity 
(Fig. 3). In the absence of localizing signs, she was 
treated conservatively with the antibiotics men- 
tioned. On the thirteenth day of infection, one of us 
(F.L.M.) was called in consultation and advised im- 
mediate operation. When the abdomen was opened, 
it collapsed like a balloon. A generalized peritonitis 
was found with a plastic fibrinous exudate over the 
surface of the liver, the ascending colon, the cecum, 
the appendix, and the lower ileum. No perforation 
could be found, but it could not be certain that the 
original focus of infection was not the appendix, 
which had perforated and then sealed off. The 
amount of gas present could hardly have been pro- 
duced by the bacteria found on culture, which 
yielded a hemolytic streptococcus, susceptible to 
bacitracin but resistant to penicillin, streptomycin 
and terramycin, and a nonhemolytic streptococcus 
and a pyocyaneus, resistant to all of them. There 
was no evidence of a break in the pelvic suture line 
and the process seemed to be entirely independent 
of the previous operation. The appendix was re- 
moved. Twenty thousand units of bacitracin in 
100 cubic centimeters of saline were sprayed over 
the surface of the abdominal contents. Penrose 
drains were placed into the pelvis, the appendiceal 
region and the right lumbar gutter, and brought 
out through the lower end of the wound. She was 
given 20,000 units of bacitracin intramuscularly 
every 8 hours and terramycin 500 milligrams every 
6 hours postoperatively, but the latter was stopped 
when the organisms were all reported resistant to it. 
With all of that infection in the peritoneal cavity, it 
was thought that she would surely die, but following 
operation she did extremely well, except for a period 
of disorientation lasting from the third to the 
sixth day. This was due possibly to withdrawal of 
alcohol to which she had become habituated, and it 
was relieved by the administration of alcohol in 
small quantities. Thereafter recovery was unevent- 
ful. All symptoms and signs of peritonitis were gone 
by the end of the first week. There was no rise in 
the nonprotein nitrogen during treatment. Two 
plus albumin was present before bacitracin was 
started and this fell to 1 plus during the course of 
treatment. An occasional granular cast was found in 








MELENEY et at.: BACITRACIN IN SURGICAL INFECTIONS 


Fig. 1. Fig. 2. 


x, 1. Case 3. The extent of osseous infection, de- 
ity and malposition on admission. 

¢. 2. Case 3. Position of useful function after re- 
il of focus and control of infection 3144 months after 
ition. 


urine. After 10 days bacitracin was reduced to 

000 units every 8 hours and was continued for 
another 14 days. This was an extraordinary re- 
covery and can certainly be attributed to the 
bacitracin, which was active against the chief patho- 
gen in a mixture almost certainly of intestinal 
origin. 


This case demonstrates that bacitracin may 
be introduced into the peritoneal cavity with- 
out toxic symptoms and that it can overcome 
a generalized peritonitis. 


CASE 5. Series No. 1203, W. K. Ten days before 
admission this boy cut his left index finger with a 
sickle. It bled profusely and he went to his local 
doctor, who cleansed the wound and closed it by 
suture. He gave the patient tetanus antitoxin but no 
antibiotic. Two days later the finger became swollen 
and painful. The doctor removed the stitches, but 
the inflammation did not subside. He was given 
penicillin, but it had no effect and the edges of the 
skin wound gradually became necrotic. Cultures 
showed a heavy growth of Welch bacilli. Wet 
dressings were applied, but the infection continued 
to spread and necrosis of the skin extended outward 
in all directions. Local trimming of the dead skin 
did not bring the infection under control. The boy 
is a clarinet player and was greatly disturbed about 
the possibility of interference of this avocation from 
the loss of a finger. On admission, there was some 
swelling of the proximal phalanx of the left index 
finger and the contiguous portion of the hand. On 
the radial side of the finger there was an ulcer extend- 
ing down to the periosteum of the middle phalanx 
and overlapping the middle interphalangeal joint 


Fig. 3. Case 4. Extraordinary amount of free air or 
gas in the peritoneal cavity before operation. 


proximally and the distal joint distally. Anteriorly 
it extended almost to the midline, exposing the 
flexor tendon sheath but not the tendon itself. The 
surface of the ulcer was covered with a grayish 
exudate and some superficial slough. Cultures were 
taken, which revealed Clostridium welchii suscep- 
tible to bacitracin, only slightly susceptible to peni- 
cillin, and resistant to streptomycin, also a non- 
hemolytic streptococcus susceptible to bacitracin 
but resistant to the other two, and Escherichia coli 
susceptible to streptomycin. He was given 10,000 
units of bacitracin every 8 hours intramuscularly 
and local bacitracin was applied on China silk to the 
surface of the wound in a concentration of 1,000 
units per cubic centimeter. This was kept moist by 
covering it with zinc oxide ointment gauze. Dress- 
ings were changed daily. Systemic bacitracin was 
continued for a week and local bacitracin for 12 
days. After the third day, when the culture re- 
vealed a contaminating colon bacillus, streptomycin 
and sulfamylon were added to the local bacitracin, 
being mixed with it in equal parts. There was never 
any extension of the process. Clostridium welchii 
was present for only 2 days after the treatment was 
started. The wound rapidly cleaned up. On the 
fifth day the cultures showed no growth. Granula- 
tions rapidly appeared all over the surface of the 
wound. He was sent home and the wound was 
grafted about 2 weeks later. The urine showed a 
transient albuminuria and _ cylindruria, which 
promptly disappeared as soon as treatment was dis- 
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Fig. 4. Case 6. Healed skin flap after delayed primary 
closure. 


continued. During treatment the blood urea nitro- 
gen fell from 19 to 13.5 milligrams per cent. 


This case illustrates the prompt control of a 
gangrenous mixed infection containing Clos- 
tridium welchii by systemic and local bacitra- 
cin and the addition of other appropriate medi- 
cation, when indicated by culture reports. 


CAsE 6. Series No. 1216, G. P. Fifteen months 
before admission this patient had sustained a 
chemical burn of the hand from a combination of 
nitric and sulfuric acids in glass containers. A 
typical burn resulted all over the dorsum of the 
hand, but it was not realized until later that a small 
piece of glass, which cut the extensor tendon, had 
penetrated the hand in the region of the middle 
metacarpophalangeal joint. An abscess formed in 
the region and several attempts were made to bring 
this infection under control by surgery. The piece 
of glass came out after one of these operations, but 
the wounds continued to drain. During the course 
of the next year the finger became increasingly stiff 
and because of the probability of a useless finger, 
even if the infection could be controlled by removal 
of the infected tissues, he was advised to have an 
amputation. It was found that the dorsal surface 
of the middle metacarpal bone was involved in the 


infectious process. The cut ends of the tendon \ere 
not exposed and had become sealed off. Cultures 
revealed a hemolytic Staphylococcus aureus. re- 
sistant to penicillin but susceptible to bacitr:cin, 
streptomycin, and terramycin. The finger was 
amputated, including the head of the metacarpal 
bone, and a long anterior flap was left, utilizing the 
skin over the proximal and middle phalanges 0: the 
finger. The wound was tamponed with China silk 
after being flooded with bacitracin solution contain- 
ing 1,ooo units per cubiccentimeter. Packing wet with 
the same solution was used within the silk tampon. 
He was also given 10,000 units of bacitracin every 
8 hours intramuscularly. There was no exudate 
whatsoever. The wound remained clean and on the 
second postoperative day the culture showed no 
growth. On the third day, therefore, a late primary 
closure was done by bringing up the anterior skin 
flap and suturing it to the dorsum of the hand. 
The wound healed by primary union without any 
evidence of infection. The patient left the hospital 
on the ninth postoperative day with the wound 
clean and all stitches out (Fig. 4). Systemic bacitra- 
cin was continued every 8 hours for the whole 
period of his hospital stay. There were no clinical 
signs of nephrotoxicity. The blood urea nitrogen was 
11.5 milligrams per cent before bacitracin was 
started and did not go above 16.5 milligrams per 
cent. 


This case illustrates the possibility of a late 


primary closure of a wound after excision of | 


the infected tissue, when accompanied by the 
systemic administration and by the local ap- 
plication of bacitracin. The negative culture 
on the second postoperative day indicated 
that the wound closure would be successful. 


CASE 7. Series No. 1200, G. G. This patient had 
had a series of stapkylococcal infections in the form 
of furuncles and carbuncles for a number of years. 
One of these developed in the usual manner on the 
back of the right calf, but the lesion did not heal in 
the usual way and gradually took on the characteris- 
tic appearance of the progressive bacterial syner- 
gistic gangrene, gradually spreading out in all direc- 
tions, destroying the skin, with the characteristic 
outer zone of erythema, middle raised purple necro- 
biotic zone, and inner zone of ‘‘suede leather” 
gangrene. As it spread outward, it left behind a 
granulating surface. The infection did not respond 
to penicillin, aureomycin, dihydrostreptomycin or 
terramycin. The patient was seen by one of us 
(F.L.M.) on the twenty-first day of the infection 
(Fig. 5). Bacitracin ointment had been used locally 
for a few days before that, so that surface cultures 
yielded no growth. It was obviously not reaching 
the spreading periphery of the lesion. However, 
with the intramuscular injection of 10,000 units of 
bacitracin every 8 hours, the infection promptly 
came under control. The necrotic skin readily 
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f 
. 5. Case 7. Characteristic appearance of pro- 


ive bacterial synergistic gangrene before systemic 
racin therapy. 


separated from the living tissues, the raised purple 
region flattened out, and new skin began to grow 
from residual islands of epithelium and from the 
margin. This went on to complete and rapid healing 
without the necessity either for excision or for skin 
gralting (Fig. 6). The urine showed a transient al- 
buminuria and an occasional cast, but the blood 
urea nitrogen did not change during treatment. 


This case illustrates the rapid and complete 
control of synergistic gangrene by means of 
bacitracin administered systemically in a rela- 
tively small dosage, after penicillin, aureo- 
mycin, terramycin and dihydrostreptomycin 
had failed to cure the infection. This is the 
seventh consecutive example of this clinical 
entity which has responded to bacitracin, and 
adds weight to the belief that bacitracin at the 
present time is the antibiotic of choice in the 
treatment of this disease. 


CasE 8. Series No. 1241, M. Z. This 914 month 
old infant came into an urban hospital in a semi- 
coma with a fever of 105 degrees, a purpuric rash 
all over his body, a stiff neck, bulging fontanelle, and 
twitching of the hands and facial muscles. He had 
been treated with penicillin and sulfadiazine 3 
months before for a meningococcus meningitis with 
apparent success. There had been no intrathecal 
treatment at that time. It was evident that he had 
a recurrent meningitis. Spinal fluid showed a high 
cell count and gram-negative diplococci. He was 
given both penicillin and sulfadiazine for 11 and 
14 days, respectively. On the eighth day strepto- 


Fig. 6. Case 7. Complete healing by residual epithelium 
left by the spreading infection, obviating radical excision 
or skin grafting. 


mycin was added intramuscularly and on the 
eleventh day chloromycetin was also given both 
orally and rectally. This combination of anti- 
biotics with the sulfonamide had no effect. The high 
temperature, convulsions, and coma continued. 
Bacitracin was called for and was started on the 
nineteenth day after admission, 1,000 units being 
given intrathecally for 13 days. It was also given 
intramuscularly for a period of 15 days in a dosage 
of 1,875 units (about 400 units per kilogram of 
body weight) every 8 hours. The temperature fell 
abruptly to normal and did not rise above 100.2 
degrees thereafter. After the eighth day of treat- 
ment the temperature was perfectly normal. There 
was residual weakness of the right arm, but this be- 
gan to improve at once. When treatment began 
there was considerable evidence of kidney involve- 
ment from the infection itself. The blood urea nitro- 
gen was 79 milligrams per cent at the time bacitracin 
was started, but on the third day thereafter it fell 
to 19 milligrams per cent and on the next day to 
12 milligrams per cent. The urine showed 1 plus 
albumin before bacitracin therapy, but showed only 
a faint trace during treatment. It was completely 
normal when the baby left the hospital 9 days after 
systemic bacitracin was discontinued. Six weeks 
after discharge the baby appeared normal, both 
mentally and physically, except for slight weakness 
of the arm. 


This case illustrates the success of bacitracin 
treatment in a severe case of meningococcus 
meningitis, which had failed to respond to a 
combination of penicillin, streptomycin, chlo- 
romycetin, and sulfadiazine, and with a rapid 
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clearing up of the kidney disturbance caused 
by the infection itself. 

Discussion. This series of cases covers 
clinical entities seen every day in general 
surgical and neurosurgical hospital practice. 
The authors are fully aware of the fact, how- 
ever, that in one respect at least, this series 
does not represent the ordinary run of general 
surgical and neurosurgical infections, in that 
many of them were referred to us only because 
they were serious and resistant problems of 
infection and had failed to respond to other 
methods of therapy. Many of the cases had 
received indiscriminate antibiotic therapy 
without preliminary bacteriological studies to 
determine the causative organisms and their 
susceptibility to the available antibiotics. 
This is brought out in the illustrative Cases 1 
to 8. Almost three-quarters of these 160 pa- 
tients had failed to respond to the treatment 
first employed. The detailed stories of some 
of the patients in this series, who have gone 
from one doctor to another and from one hos- 
pital to another over a period of months or 
years, are almost incredible. 

The astute clinician may have some clew as 
to the causative organism when he makes his 
diagnosis, but he cannot be certain of its 
susceptibilities to antibiotics without the aid 
of a bacteriology laboratory which has the 
facilities to carry out these tests. Treatment 
without such tests is largely guesswork. How- 
ever, any hospital which has an operating 
room for surgical procedures should be 
equipped for this service. The patient is not 
getting the full benefit of our knowledge un- 
less cultures are taken at the earliest oppor- 
tunity and the proper antibiotic or combina- 
tion of antibiotics employed, as indicated by 
the laboratory study. For the benefit of the 
patient it is more important to determine the 
susceptibility of the organisms than to deter- 
mine their species. If that is done, the patient 
will usually respond quickly to treatment and 
will be spared prolonged illness with tempo- 
rary or permanent disability and sometimes 
death. Prolonged illness often results in the 
economic exhaustion of the patient and his 
family. 

In acute infections the attending doctor 
does not have to await the results of the labo- 


ratory tests before starting treatment with 
the antibiotic which in his judgment is most 
likely to meet the situation, but when the 
results of the test come through, he should 
modify his treatment accordingly, if it is 
demonstrated that he has not started with the 
most effective medication. 

The high proportion of favorable results in 
this series is therefore indicative of the 
efficacy of bacitracin. This should encourage 
others to employ it more frequently and earlier 
than heretofore. Some readers may think 
that we have been too sanguine in determining 
the results. We believe, however, that we 
have been conservative. Certainly those 
results classified as ‘‘excellent” could hardly 
be questioned, because the benefit was so 
rapid and obvious. There might be a differ- 
ence of opinion about those classified as ‘‘good,” 
because control of the infection was more 
slowly attained. By the same token there 
could be a difference of opinion when the re- 
sults were ‘‘questionable.”’ Some of these pa- 
tients may have benefited by the drug. 

To give some indication whether or not we 
have claimed too much for bacitracin, it might 
be worth while to consider the causes of failure 
or our reasons for placing the cases in the two 
unfavorable groups. Of the 26 questionable 
cases, there were 10 in which the infection was 
caused or secondarily contaminated by organ- 
isms not susceptible to bacitracin. In another 
6 of these cases the period of treatment was 
too short for evaluation. In 4 others there was 
an inadequate surgical removal of diseased 
tissue. In 3 there was primarily a favorable 
response, but this was followed by a relapse. 
In 2 cases there were too many antibiotics 
used for a proper evaluation of any one of 
them. In 1 case the patient was almost mori- 
bund before the treatment was started. 

In the 10 cases in which there was obviously 
no effect from the drug, 4 were practically 
moribund or the disease was too far advanced 
with irreparable damage to vital organs. In 
2 cases the disease was caused by organisms 
not susceptible to bacitracin. In 2 there was 
no adequate explanation for the lack of effect. 
In 1 case there was inadequate surgery and in 
1 there was a plastic foreign body which re- 
quired removal. 
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‘ie group of medical cases related to sur- 
practice, which was considered in this 
s, gives no idea of the benefit which 
it be derived from systemic bacitracin in 
cal infections in general, to which it has 
yet been widely applied. However, 
ner’s report on a series of pneumonias 
reports on several cases of endocarditis 

17) are encouraging. 
1e 13 instances of recurrent erysipelas 
-all in the same person. She had the first 
ck in the right arm following postopera- 
radiation for a mammary carcinoma. 
idiazine and penicillin had been effective 
the earlier attacks, but in the more recent 
rrences they had both failed to stop the 
tion. For that reason, bacitracin was 
d upon and the response was immediate. 
iucks recurred 13 times over a period of 24 
ths. During one of these attacks she was 
ay from home and penicillin was again used 
without effect. She returned home at once and 
again bacitracin brought the infection to a 
standstill. Of particular interest is the fact 
that with these 13 courses of treatments, the 
patient has shown no signs or symptoms of 
toxicity, the urine has shown no albumin, and 
she has developed no allergic manifestations. 
The endocarditis cases in this series had all 
failed to respond either to penicillin or to 
streptomycin, but 3 of these cases immediately 
began to improve when bacitracin was started 
and the latest reports indicate that there has 
been no recurrence of symptoms. The single 
failure was a case of staphylococcal septicemia 
with a somewhat uncertain diagnosis of endo- 
carditis. There seemed to be no clinical im- 
provement over a period of 8 days of baci- 
tracin treatment. It was discontinued when 
coincident symptoms of a pulmonary infarct 
suddenly developed, but these symptoms were 
not blamed on the bacitracin. Five subse- 
quent blood cultures were negative but the pa- 
tient continued to run a fever and when last 
heard from, his condition remained unchanged. 
The neurosurgical cases will be reported in 
more detail in other publications. The strik- 
ing response to bacitracin in cases which have 
failed to be controlled by penicillin and the ab- 
sence of any toxicity from the drug when it is 
introduced into the cerebral ventricles or into 


cavities left after operations on the brain or 
when given by lumbar puncture, suggests that 
it should be the drug of choice and the one 
primarily used when the causative organisms 
are susceptible to it, even though they may 
also be susceptible to penicillin. The difficulty 
of both bacitracin and penicillin to pass the 
blood-brain barrier and enter the brain sub- 
stance when given intramuscularly, suggests 
that the local instillation of the drug is more 
important than the intramuscular use of it in 
neurosurgical infections. However, when the 
meninges are inflamed, bacitracin reaches 
them through the blood stream when given 
intramuscularly. The combined treatment is 
therefore indicated in these cases (Case 8). 

The excellent results obtained when bacitra- 
cin is given within the first 4 days of illness, as 
in Case 2, would seem to warrant its earlier 
employment in the future than in the past. 
This will undoubtedly be done more often, if 
cultures are taken early and the susceptibility 
of the organisms is tested for all of the anti- 
biotics, and if it is known that bacitracin of 
low toxicity is available. 

The antibiotics should never be used indis- 
criminately, either in combination as a “shot- 
gun” remedy or one after another, if the first 
fails to accomplish the purpose. It is true 
that penicillin and streptomycin are relatively 
cheap, but the bacteriological studies are also 
cheap and if hospital expenses, both those paid 
for by the patient and those supplied by hos- 
pital endowment, can be cut down by the ear- 
lier administration of the proper antibiotic or 
combination of antibiotics as determined by 
the culture studies, the better it will be for all 
concerned. With the proper treatment no in- 
fection should fail to come under control with- 
in 5 to 15 days and should never go on to a 
chronic stage, as was the case in more than 
one-third of the cases in this series. 

The bacteriological studies which reveal a 
mixture of organisms in many instances, indi- 
cate clearly the importance of determining as 
soon as possible the causative and associated 
organisms and applying the antibiotic or com- 
bination of antibiotics indicated. It would 
seem that hemolytic streptococcal infections 
are playing a much less important role than 
they did before the days of the sulfonamides 
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and penicillin. Formerly they were of equal 
importance with staphylococcal infections. In 
this series staphylococcal infections predom- 
inate and that is the only group in which there 
are more pure than mixed cultures. Many of 
these failed to respond to penicillin or to the 
other antibiotics until bacitracin was given. 
The reason for failure seems to be largely in 
the steadily increasing resistance of staphy- 
lococci to penicillin (Cases 2 and 3). This 
would seem to indicate that the availability 
of another bactericidal agent, bacitracin, 
which is highly potent against the staphylo- 
cocci, should be called upon early to fill the 
gap in therapy, if penicillin fails or if the test 
shows a resistance of the organism to penicil- 
lin and a susceptibility to bacitracin. 

Since in discussing the reaction of bacteria 
to antibiotics the terms “susceptible” and 
“resistant” are relative only, it is necessary 
to define what is meant by such terms in any 
given report. The figures presented in Table 
VIII represent the results of sensitivity tests 
by the blood agar plate filter paper disc 
method. The unitage of the antibiotics used 
to moisten these discs was adjusted for each 
antibiotic so that there would be no zone 
of inhibition of growth adjacent to the disc, 
if the resistance of the organisms was 10 to 
15 times that of the so-called ‘standard 
strain.”” No attempt was made at quantita- 
tive determinations. If there was a definite 
clear zone of inhibition, no matter how nar- 
row, the strain was reported as sensitive; if 
there was no zone, it was reported as resistant. 
However, in cases in which it was deemed 
necessary or desirable to use any particular 
antibiotic in the treatment of an infection, if 
our test showed the organism to be resistant 
or on the borderline, the more exact quanti- 
tative broth assay test was carried out. In 
these broth tests, strains which were resistant 
to high concentrations of the individual anti- 
biotics were often susceptible to combinations 
of pencillin and bacitracin in fractional doses, 
demonstrating a synergistic action between 
the two antibiotics (16). 

Unfortunately, Lancefield groupings of the 
hemolytic streptococci recovered from this 
series of cases were not done. It is our opinion 
that the resistant strains of hemolytic strepto- 


cocci reported here, as in Case 4, did not be- 
long to Group A. A review of the beta hemo- 
lytic streptococci recovered from cases of 
impetigo and ecthyma over a 4 year period 
from cultures sent “by the Dermatological 
Services of the Columbia-Presbyterian Medi- 
cal Center showed no instance of such a 
streptococcal strain having been reported as 
resistant to penicillin. In the majority of our 
strains reported as resistant, the nature of the 
infection and the associated bacteria point to 
fecal contamination as the possible source of 
the infection. The beta hemolytic strains of 
the enterococcus all belong to Lancefield 
Group D and this group in our experience has 
shown considerable resistance to penicillin. 

With regard to the nephrotoxicity of baci- 
tracin, it is evident from this study that if the 
dose is kept below 100,000 units a day with 
material now available, disturbing symptoms 
and signs will occur in not over 2 per cent of 
cases and sufficient warning will be given eith- 
er by clinical manifestations or by urinary 
examination to stop treatment, if necessary. 
If material with an LDs50 of 500 units for a 
20 gram mouse is used consistently, the un- 
toward reactions should be evident in less 
than 1 per cent. Favorable clinical results 
are usually obtained with 50,000 to 60,000 
units a day. It must not be forgotten that 
when penicillin was first available, favorable 
results were obtained even in severe cases of 
septicemia with doses of 40,000 units a day. 
Somewhat later Lyons stated that his expe- 
rience with penicillin in staphylococcal infec- 
tions indicated that 200,000 units a day might 
be required (21). 

The only untoward effect of bacitracin any- 
where in the body seems to be a swelling of the 
epithelium of the convoluted tubules of the kid- 
ney, resulting in albumin in the urine with 
granular casts and white blood cells and in a 
few cases renal epithelial cells and red blood 
cells. Blood flow through the kidneys and 
both tubular and glomerular filtration are re- 
tarded by large doses of bacitracin. Glomeru- 
lar injury is secondary and only present with 
excessive amount of the drug (27, 29). How- 
ever, these effects are almost invariably 
temporary and readily reversible, and the good 
that is accomplished by control of the infec- 
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certainly far outweighs the harm that is 


( is well recognized that patients differ 

1 one another in the degree of kidney irrita- 

| with the same dosage of bacitracin, prob- 

- because of varying previous trauma to 
kidney. Our 2 most disturbing cases 
ving nephrotoxicity were both hemolytic 
ptococcal infections with albumin in the 

ie before the administration of bacitracin. 
wever, it would seem that the effect of 
itracin on the kidneys may be different 

m the usual causes of kidney disturbance, 
ause the 32 patients who showed albumin 

he urine before theadministration of system- 
bacitracin, did not show any higher 
idence of toxicity from bacitracin than the 

5 cases which had not previously shown 
umin. Case 8, outlined previously, had 

a ouminuria and a high blood urea nitrogen 
|. {ore bacitracin and these signs returned 
»omptly to normal under bacitracin therapy. 
There can be no doubt that when the deep- 
tank method of preparing bacitracin was first 
used, for some reason not yet determined, it 
produced material which was clinically more 
toxic than that which was produced by sur- 
face growth. However, surface-growth baci- 
tracin is no longer available. Fortunately, in 
the past year, the product made by the deep- 
tank method has been steadily increasing in 
purity. The units per milligram have increased 
and the toxicity has decreased. This of itself 
suggests that the toxicity may not be inherent 
in the antibiotic but in some impurity. Two 
other manufacturers are now producing baci- 
tracin in deep tanks and the product of all 
three of these firms now meets the specifica- 
tion which we consider safe for intramuscular 
use. With further work by the manufacturers, 
it may be possible to raise this specification 
further, thus increasing the margin of safety. 
The LDs50 test, as at present carried out by 
the Food and Drug Administration, has a wide 
margin of error and the results obtained by the 
manufacturers are often at variance. The most 
likely cause of this is the variation of resis- 
tance and susceptibility of different strains of 
mice. The test itself requires further stand- 
ardization. For the present it must serve as 
a safety test for the protection of the patient. 
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SUMMARY 


1. Our latest experiences with local and 
systemic bacitracin therapy have been re- 
viewed. 

2. The rationale and technique of local ap- 
plication have been presented with an outline 
of 4 illustrative cases. 

3. One hundred and sixty more cases treated 
systemically with bacitracin by intramuscular 
injection, with or without supplementary 
local administration at the site of infection, 
have been studied and the data have been 
analyzed. Eight of these cases have been 
briefly summarized. 

4. One hundred and thirty-one of the whole 
series were established infections. In the 
other 29 cases bacitracin was used prophylac- 
tically when infection was anticipated. 

5. About three-fourths of the cases of in- 
fection had failed to respond to other anti- 
biotic treatment when bacitracin was called 
for. All but 3 of 97 cases had had penicillin 
either alone or with another antibiotic. 

6. The over-all results of therapy were fav- 
orable in 78 per cent of the cases. In those 
which had had no previous treatment the re- 
sults were favorable in g1 per cent. In those 
previously treated unsuccessfully with peni- 
cillin and/or other agents, favorable results 
were obtained in 72 per cent. 

7. Evidences of kidney toxicity were absent 
or mild in 68 per cent of the cases, moderate 
and transient in 30 per cent, and disturbing 
in only 2 per cent. Symptoms and signs of 
toxicity usually subsided with continued treat- 
ment and almost invariably disappeared as 
soon as treatment was discontinued. 

8. It would seem, therefore, that we have 
demonstrated that bacitracin is an effective 
drug without serious toxicity, if material is 
used for systemic administration which meets 
a specification of LDs50 of 500 units for a 20 
gram mouse and if the dose is kept below 
100,000 units a day. Satisfactory control of 
infection can often be obtained by half that 
amount. 

g. In neurosurgical infections bacitracin 
may often be the treatment of choice for both 
local and systemic administration. 

10. The importance of prompt determina- 
tion of the causative and associated organ- 
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isms and tests for their susceptibility to the 
available antibiotics is stressed. Then and 
then only can the proper antibiotic or combi- 
nation of antibiotics be administered at an 
early stage of the infection and the patient 
be saved from prolonged illness and disability 
and economic exhaustion. 
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THE DOUBLE ONLAY BONE GRAFT IN THE TREATMENT 


OF DELAYED UNION AND NONUNION 


J. EARL MILES, M.D., F.A.C.S., GEORGE A. DEGENSHEIN, M.D., and 
ALAN A. KANE, M.D., Brooklyn, New York 


INCE MacEwen in 1880 first success- 
fully transplanted bone from one per- 
son to another, bone graft surgery 
has made remarkable advances. The 

double onlay bone graft has come into com- 
mon usage only in the past few years. It 
was first emphasized in modern times by 
Boyd in 1941 for congenital pseudarthrosis, 
but very little appears in the literature until 
1948. Albee, in his comprehensive book on 
bone grafts republished in 1940, lists no less 
than 25 different types of grafts but he does 
not once mention the use of the double 
onlay. 

The demand for a large piece of bone un- 
doubtedly has been a limiting feature in 
the development of this type of grafting, but 
the advent of bone banks will certainly give 
impetus to the use of this procedure. Al- 
though in all of the cases to be reported 
autogenous bone was used, the few objec- 
tions to the double onlay have since been 
overcome by the institution of a bone bank. 
The cases done with homogenous bank bone 
have been followed for too short a period of 
time to be included in this study, but they 
will form the basis for a future communica- 
tion. 

The problem of the fate of the bone graft 
has been reviewed thoroughly in the recent 
literature and deserves only brief mention 
here. Wilson has recently contributed ex- 
cellent studies on the fates of autogenous 
and refrigerated homogenous bone. The evi- 
dence that all bone grafts die, as propounded 
by Gordon seems to be based on a carryover 
from the certainly dead fate of the os purum 
or Os novum originally used in bone grafting. 
These bones were dead to begin with and 
certainly contained no osteogenic properties. 
We adhere rather to the “creeping substitu- 
tion” process expounded by Phemister and 
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advanced by Abbott. The cases to be pre- 
sented have shown early attachment of the 
graft to the host. However, it is believed 
that a very long graft may lose considerable 
strength and that the osteogenesis or replace- 
ment in grafts covering large defections may 
take many years or may never be completed. 
This point will be illustrated in a case in the 
text in which a united graft covering a 4 
inch defection, fractured with minor trauma 
1% years after its application. It is inter- 
esting to note that the fracture site of the 
graft healed despite degeneration of the prox- 
imal portion of the graft. 

Our sole indications for the use of the 
double onlay graft have been delayed union 
and nonunion. We have found this method 
applicable to delayed union and nonunion 
of the tibia and humerus. The source of 
autogenous bone has been the tibia for the 
graft and the iliac bones for chips. 

This type of grafting has many distinct 
advantages over other types: 

1. The fixation at the fracture site is 
stronger and more complete than the single 
onlay intramedullary or any lesser graft. 
This was well demonstrated by Bateman 
who showed that it required 196 pounds 
hanging weight to fracture a double onlay 
graft as compared to go pounds for a single 
onlay and 52 pounds for an inlay. 

2. The availability of osteogenic activity 
is greater. The two endosteal surfaces pro- 
vide excellent sources of osteogenesis. 

3. The framework of the double onlay 
acts as a shored up structure and a form for 
the packing of cancellous chips from which 
we can expect the greatest regeneration of 
bone. This is not so with single grafts or 
plates. 

4. The technical aspects must be con- 
sidered. Every detail of good bone surgery 
must be adhered to. However, the accom- 
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p' shed surgeon experienced in handling 
tr uma cases of today will find the technical 
d iculties minimal. 

A minimal amount of metal is neces- 
s: v. Only four metal screws are used. 

‘here are objections to the double onlay 
er ites 
The removal of a large segment of 
n mal tibia to provide a graft is hazardous 
a! fractures and postoperative infections 
h: e been reported. Also, we have roent- 
« ograms showing that tibiae, from which 
a raft had been taken 8 years prior, have 
n yet replaced the removed bone. This 
ol ection is obviated by use of bank bone. 

A large bulk of graft is necessary and 
m.. impair circulation. In our experience, 
w have encountered no circulatory prob- 
le: s nor lymphedema. The use of relatively 
thi. grafts and proper placement away from 
su)cutaneous areas will obviate this objec- 
tion. 

The procedure is time consuming and 
rejuires three open reductions—one at the 
fracture site, one at the donor site, one for 
chips. The use of homogenous bank bone 
eliminates two open operations and cuts op- 
erating time to approximately 1 hour. 


TECHNIQUE 


The skin over the fracture area and donor 
site are prepared for 24 hours with a tinc- 
ture of green soap and alcohol preparation, 
or more recently a hexachlorophene prepa- 
ration. Rigid no-touch technique is em- 
ployed throughout. We have found the di- 
viding line method of the instrument tray 
efiective. A red line is drawn across the 
center of the instrument tray so that the 
working end of an instrument always lies 
on one side and the handle on the other. In 
this manner, hand contamination of the 
wound is averted when instruments are re- 
introduced. 

Two operating teams are employed. The 
first exposes the fracture site, excises de- 
vitalized tissue, and removes eburnated bone 
ends and sequestra, if present. The recipient 
site is then prepared by leveling the bone 
with a chisel. Careful trimming and fitting 
of the grafts and bone ends for intimate and 
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secure application are imperative. At a 
given time, the donor team starts to work 
and removes the graft from the tibia, the 
size of which has already been determined. 
This same team is responsible for the re- 
moval of cancellous slabs from the ilium. 
In our more recent cases in which bank 
bone was used, the necessity for this second 
team has been obviated. 

In general, the graft is 5g inch wide and 
is removed with a slowly rotating motor 
driven saw. In the autogenous grafts, the 
periosteum is not stripped. In our opinion 
each graft should be no less than 234 inches 
long to avoid undue torque which may oc- 
cur in shorter ones. We have used grafts as 
long as 5% inches. 

In all instances, the graft is fixed with 4 
Sherman SMo 18.8 screws, using only the 
coarse thread type. We aim at % inch pro- 
trusion of the screws through the distal graft. 
The screws are never countersunk as in 
plating, but merely made “thumb tight.” 
These screws are not removed at a later 
date unless they should give symptoms, but 
thus far such occasion has not arisen. In 
the form provided by this method, cancellous 
chips are then packed tightly; cortical bone 
is never used. In the closure of the wound, 
no local medicaments are used and we do 
not hesitate to provide a skin graft if we 
fear tension in the wound closure. An ap- 
propriate circular plaster cast or spica is ap- 
plied. Short preoperative discussions and as- 
signment of duties remove the delays ordi- 
narily found in multiple team procedures. 


CASE REPORTS 


CasE 1. See Figure 1. D. P., aged 23 years, male. 
The patient was admitted on October 24, 1949 after 
an automobile accident. Aside from other injuries, he 
sustained a transverse comminuted fracture of the 
middle third of the right tibia and fibula. He was 
treated by skeletal traction with a wire through the 
os calcis for a period of 2 weeks. The leg was then 
placed in a circular cast to the mid-thigh. The cast 
was reapplied at intervals and after g months there 
was no evidence of union. A double onlay bone graft 
with cancellous chips from the ilium was performed, 
and the leg immobilized in plaster for a period of 6 
months. Weight bearing was begun with the aid of 
a walking caliper and roentgenograms showed evi- 
dence of bony union 6 months after operation. The 
patient is now able to walk well without support. 
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a 
Fig. 1. 
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Case 1. a, Original fracture. b, No evidence of union 9 months after injury. c, Double onlay 


bone graft with chips; end result demonstrating union at 6 months. 


a 


Fig. 2. Case 2. a, Original fracture. b, Nonunion after 19 months. 


b 
Several sequestrectomies and Orr 


dressings have been done. c, Eighteen months post grafting. Bony union and weight bearing without support. 


CASE 2. See Figure 2. G. G., aged 35 years, male. 
The patient was admitted on September 26, 1947 
after an automobile accident. He was critically ill 
with head injury and fractures of several long bones. 
Because of his poor condition, he was merely im- 
mobilized in splints for 1 week. The fracture we are 
concerned with was an open comminuted fracture of 
the right tibia and fibula which (after 1 week in 
splints) was treated by skeletal traction, using a wire 
through the os calcis. The patient developed a severe 
psychosis and had to be transferred to a mental 
hospital. He developed an osteomyelitis of the right 
tibia. His mental condition improved after several 
months and he was returned to us for further treat- 
ment. This consisted of Orr dressings and several 
sequestrectomies and saucerizations. Finally his 
tibial infection subsided and treatment of the non- 
union became necessary. On April 28, 1949, nineteen 


months after injury, a double onlay bone graft with 
chips from the ilium was performed, and the limb was 
immobilized in plaster. After 8 months’ immobiliza- 
tion, a walking iron was added and weight bearing 
begun. At 12 months after grafting, the cast was 
discarded when roentgenogram showed union. The 
patient wore a caliper brace for 6 months, but is now 
able to walk well without support. 

CasE 3. A. S., aged 74 years, male. The patient 
was admitted on December 2, 1949 after an auto- 
mobile accident in which he sustained fracture of the 
left tibia and fibula at the junction of the lower and 
middle thirds. He was treated by Kirschner wire 
traction through the os calcis. Weights were varied 
to accommodate for distraction, overriding, and 
bowing. On January 15, 1950, he was placed in a 
plaster cast and the wire removed. Repeat roent- 
genograms over a period of 8 months revealed no 
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Fig. 3. Case 4. a, Original fracture. b, Nineteen months post injury. Plate removed and 
chips from ilium inserted at 10 months. No union 9 months later. c, Fourteen months 
post double onlay bone graft. Union and weight bearing without support. 


Fig. 4. Case 5. 


b c 


a, Original fracture in hanging cast. b, Removal of hanging cast. 


Nonunion 8 months post injury. c, End result, union and full restoration of function at 


6 months after double onlay bone graft. 


union. On July 24, 1950, a double onlay bone graft 
plus chips from the ilium was performed. Follow-up 
roentgenogram showed union after 7 months of im- 
mobilization in plaster. The patient is now able to 
walk without support. 

_ CASE 4. See Figure 3. E. Mc., aged 69 years, 
female. The patient was admitted on September 26, 
1948 after an automobile accident. She sustained an 
open fracture of the upper third of the left tibia, aside 
from other injuries with which we are not concerned. 
This fracture was treated by traction with a wire 
through the os calcis for a period of 3 weeks, at which 
time the limb was immobilized in plaster. On De- 
cember 23, 1948, three months post injury, an open 
reduction and internal fixation with a six hole Sher- 
man plate and screws was performed because of 
failure of union. Over the course of the next 7 
months, it was noted that the fragments were 
separated 3 millimeters and union did not occur. The 


plate and screws were removed and bone chips from 
the ilium packed between the ends of the fragments. 
Follow-up for the next 9 months revealed no evidence 
of union, and a double onlay bone graft with chips 
from the ilium was performed. The patient was 
immobilized in plaster for a period of 6 months and 
is now able to walk without support. 

CASE 5. See Figure 4. A. C., aged 39 years, fe- 
male. The patient was admitted on March 19, 1949 
after a fall. She sustained a fracture of the right 
humerus at the junction of the middle and upper 
thirds. She was treated with a hanging cast for a 
period of 3 months, with failure of union and un- 
satisfactory position. An open reduction with inter- 
nal fixation by two screws was performed, and still 
union did not occur. On June 28, 1950, fifteen months 
after the injury, a double onlay bone graft from the 
tibia and bone chips from the ilium was performed. 
The patient was immobilized in a shoulder spica for 
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b 
Fig. 5. Case 6. a, Large defection following osteomyeli- 
tis of open fracture. b, Seventeen months post grafting. 
c, Eighteen months post grafting. Fracture of the graft. 


a period of 3 months at which time the spica was re- 
moved and active and passive motion instituted. 
This patient has had union and almost complete 
restoration of function. 

CasE 6. See Figure 5. H. E., aged 55 years, fe- 
male. This patient sustained a fracture of the right 
humerus at the junction of the middle and upper 
thirds on October 19, 1942. The exact details of her 
original treatment are obscure, but we do know that 
she had two open reductions with screws within a 
period of 2 days. Apparently the second was per- 
formed following failure of the first procedure to 
engage the fragments. The patient subsequently 
developed an osteomyelitis and 6 months following 
the original injury she was admitted to this hospital 
for treatment. The screws were removed as was a 
piece of involucrum. The patient was treated 
for osteomyelitis by several surgical procedures. On 
December 17, 1944, twenty-six months post injury, 
an intramedullary graft from the tibia was done and 
the patient was immobilized in plaster. —Two months 
later this graft was fractured and proceeded to de- 
generate. The patient accepted her disability and 
remained with a flail relatively useless limb. On 
July 2, 1948, six years after the original accident, the 
patient was admitted to this hospital and a double 
onlay bone graft from the tibia with bone chips from 
both ilia was performed. The defect necessary to 
bridge was approximately 4 inches. She was im- 
mobilized in a plaster spica for 9g months, at which 
time active and passive motion was instituted. The 
patient became able to abduct and flex her upper 
arm. She was able to sew, write, comb her hair, and 
carry on activities which had been impossible prior 
to grafting. Just prior to presentation at a confer- 
ence, while having the roentgenogram made, the 
graft was heard to snap and the roentgenogram re- 
vealed fracture of the graft. This occurred at 1% 
years following the graft. Unaware of this occurrence 
the patient was not immobilized and a follow-up 1 


OBSTETRICS 


Cc 


d, Three years post grafting. Disruption of graft. Note 
that union of the graft occurred at the site of fracture in 
the graft. 


year later revealed degeneration of the graft, but 
union at the site of the fracture in the graft. 


DISCUSSION 


The academic consideration of what con- 
stitutes a delayed union and when in time 
it should be termed nonunion is an absorb- 
ing one. However, it is our belief that if 
union in a long bone does not occur or give 
evidence of occurring within a 4 to 6 months’ 
period, it should be treated as though it 
were a nonunion. It is true that patience 
may be rewarded by eventual union in 
another 6 months to 2 years. However, a 
fair percentage will remain ununited and we 
will still be faced with further procedures 
and further disability in terms of a year or 
more. It is our firm conviction that a bone 
without evidence of healing in 6 months will 
not show sudden union in the next month 
or two, but we can almost always count on 
union with a double onlay graft in 3 to 6 
months. Except in cases of infection, it is 
unreasonable to wait 114 years before term- 
ing a case a nonunion and then look forward 
to further treatment. The academic fact 
that union may occur if one waits long 
enough has been established, but practically 
no case should be allowed to remain without 
adequate treatment to prove the fact fur- 
ther. 

With the advent of bank bone, we may 
have to change more of our concepts and al- 
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dy, fresh fractures are being plated with 
nogenous bone and chips instead of metal 
tes. We believe that a double onlay 
wuld be instituted in delayed union much 
ore we are able to term a fracture a 
e “nonunion.” Our first and longest 
ting period in this series was 4 years; 
+ shortest and most recent waiting period 
s 8 months. 
fhe problem of length of immobilization 
been a source of concern. We have set 
iinimum period of 6 months of adequate 
nobilization for the tibia and 3 months 
the humerus, but are guided to a great 
« sree by roentgenographic findings. In our 
{ -t case and our only failure, we had the 
u ‘ortunate experience of a fracture of the 
« «ft 1% years after application. This pa- 
ti nt had a 4 inch bone defection in the 
h:merus and was immobilized for 9 months 
i) a shoulder spica. She then was able to 
carry on housework, comb her hair, write 
and sew, things she could not do before. 
Just prior to presentation at a conference, a 
roentgenogram was made and, while abduct- 
ing her arm, the technician heard the graft 
snap. Unfortunately the patient was not 
aware of the fracture immediately and re- 
turned home; hence, there was no immo- 
bilization. However, examination 1 year 
later showed healing of the fracture site of 
the graft, but due to torque and lack of im- 
mobilization the proximal portion of the 
graft disintegrated. She still retains some 
improved function over her pregraft status, but 
certainly her case should be considered a fail- 
ure. We remain with the question as to 
whether immobilization for 2 or 2% years is 
necessary in this type of case and whether 
it is sociologically and economically feasible. 
At any rate this case points out well the fail- 
ure of complete replacement of bone in large 
defections over a relatively long period of 
time. The quality of immobilization is im- 
portant, and adequate full plaster casts must 
be applied. Casts must be changed, but 
never lessened until union occurs. Fracture 
at the time of change of cast is a distinct 
danger and must be guarded against. 
Adequate mobilization of all free joints, 
and subsequently those which are fixed, calls 


b 


Fig. 6. a, Defect from donor site of intramedullary graft 
6 years after removal (Case 6). b, Donor site for graft 7 
months following removal (Case 4). 


into play every detail of the methods of 
rehabilitation. 

The other 5 patients are all doing well; 4 
with fractures of the tibia are walking with- 
out the aid of braces or supports. Post- 
operative pain, edema, and circulatory dis- 
turbances have not occurred. There has 
been no osteomyelitis nor wound infection 
despite the fact that in 2 cases nonunion 
occurred following osteomyelitis. The use 
of antibiotics is a great comfort, but we can- 
not reiterate strongly enough the necessity 
for maintaining rigid operating technique. 


SUMMARY AND CONCLUSIONS 


1. The double onlay bone graft is advo- 
cated for treatment of delayed union and 
nonunion due to its greater strength, greater 
possibility for osteogenesis, the construc- 
tion of a form for bone chips and its ease of 
technical accomplishment. 

2. Six cases of double onlay bone graft 
using autogenous bone are presented, with 
1 failure in a large defection due to fracture 
of the graft which occurred 1% years after 
application. 

3. Principles of operating technique are 
outlined. 

4. The results with double onlay bone 
grafts warrant its use early in the course of 
a delayed union rather than reserving it as 
a method of last resort. 





432 


REFERENCES 


. Assort, L. C., SAUNDERS, J. B. DEC., and Bost, F. C. 
The evaluation of cortical and cancellous bone as 
grafting material. J. Bone Surg., 1947, 29: 381. 


. ALBEE, F. H., and KusHner, A. Bone Graft Surgery in 


Disease, Injury, and Deformity. New York, London: 
D. Appleton-Century Co., 1940. 
. BateMAN, J. Defects in long bones. Am. J. Surg., 1947, 


73: 423. 
4. Boyp, H. B. Congenital pseudarthrosis; treatment by 
dual bone grafts. J. Bone Surg., 1941, 23: 497. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


. Idem. The treatment of difficult and unusual non- 


unions. J. Bone Surg., 1943, 41: 535. 


. MacEwen, W. De la transplantation des os; exj)iri- 


ences de transplantation osseuse intra-humaine, 
Gaz. méd., Par., 6 s. 1881, 3: 385. 


. Idem. Observations concerning the transplantation of 


bone. Proc. R. Soc., Lond., 1881, 32: 232. 


. PHemisTER, D. B. Bone growth and repair. Ann, 


Surg., 1935, 102, 261. 


9. Witson, P. D. Experience pertaining to the use of 


refrigerated homogenous bone. J. Bone Surg., 1951, 
33-B: 301. : 





THE PHYSIOLOGICAL MECHANISM FOR DEATH IN 
MASSIVELY BLEEDING PEPTIC ULCER 


HARRY H. LE VEEN, M.D., A. G. MULDER, Ph.D., and 
FRANK PROKOP, B.S., Chicago, Illinois 


HYSIOLOGICAL precepts upon which 

the immediate therapy of gastroduode- 

nal bleeding can rest are as yet un- 

established. At the present time, the 

ce between medical and surgical therapy 

3 mainly on a statistical rather than on a 

onal basis. There is no unanimity of 

nion as to how a massively bleeding peptic 

r should be treated. Those adhering to 

operative therapy point to a statistical 

uction in the incidence of mortality in 

: dically treated patients as compared to 
‘gically treated cases. 

similarly, there is disagreement about the 

of transfusion. Some believe that blood 

ransfusion should be minimal or completely 

withheld to prevent any rise in blood pressure 

to normal levels which might possibly dislodge 

a poorly adherent blood clot in the opened 

vessel. Others feel that the bleeding must be 


treated vigorously with blood transfusions. 
A majority now hold that surgery should be 


undertaken in selected cases. This belief is 
based on the statistical analysis of clinical 
data. But even this majority cannot agree 
upon the basis for the selection of operative 
cases. It is a general impression that before 
one considers surgery the bleeding must be of 
sufficient magnitude to endanger life. Few 
clinicians have made accurate blood volume 
measurements, with the result that the extent 
and rate of bleeding in fatal cases remain un- 
known. For this reason alone, most of the 
clinical cases are incomparable and valid con- 
clusions can seldom be drawn. Again, unless 
unequivocal evidence exists that the blood re- 
placement has been adequate in both surgi- 
cally and medically treated cases, deductions 
made from the comparison of such groups are 
invalid. It would obviously be best to operate 
only in those cases which would otherwise be 
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fatal. Toward this end, there is information 
which aids in the selection of some of the more 
lethal cases. There is no question but that the 
mortality is highest in the age group over 45 
years. The rate of bleeding may be roughly 
estimated clinically by the response to trans- 
fusion. Nearly all observers agree that the 
continuation of bleeding over a prolonged 
period, or lack of improvement with medical 
therapy, is an indication for surgery. By the 
same token, cessation of bleeding would seem 
to offer a contraindication to surgery; and yet, 
fatal bleeding is often intermittent. Severe 
hemorrhage in a patient with a definite history 
of peptic ulcer, repeated hemorrhage, massive 
bleeding occurring during the course of medi- 
cal therapy, profuse bleeding associated with 
constant pain, hemorrhage occurring with per- 
foration, excessive bleeding in the presence of 
pyloric stenosis all have been offered as indica- 
tions for surgery. More recently, Stewart has 
used blood volume studies and red cell mass 
determinations to assess the magnitude of 
bleeding. Those patients who have had a 
reduction in excess of 2.5 million red blood 
cells per cubic millimeter or 60 per cent of the 
red cell mass are scheduled for operation. The 
real clinical problem is to determine how mas- 
sive the bleeding really is, since there is a 
growing opinion that all massively hemorrhag- 
ing ulcers should be treated surgically. 

Many of the indications for surgery men- 
tioned were based upon the observation of 
fatal cases, which implies that the circum- 
stances upon which the prognosis was based 
became apparent only when it was too late. 
Therapy determined by a knowledge of the 
physiological alterations which occur in this 
condition should be more fundamental than 
an indirect statistical approach. 

Clinical observation suggests that blood 
loss per se cannot be responsible for the not 
infrequent fatal outcome, since blood replace- 
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Fig. 1. The prebleeding hepatic and femoral pulse pres- 
sure tracings are shown. The hepatic artery pulse pressure 
is above. The steep ascending portion marks the beginning 
of the ejection phase which after reaching a peak falls to a 
well marked dicrotic notch. Notice the gentle plateau 
falling slowly to the next peak. In the subcutaneous 
femoral artery pulse pressure tracing shown below, there is 
a well marked diastolic plateau. 


ment, even though massive and maintained 
and seemingly adequate, does not forestall the 
eventual development of shock and death. 
For this reason, surgery, if contemplated, must 
be performed early. According to Finsterer, 
surgery which is postponed as late as 48 hours 
after the onset of bleeding is likely to be 
followed by a mortality. This observation 
suggested to the author that a difference exists 
between the effects of hemorrhage of gastro- 
duodenal origin and hemorrhage from other 
sites. 

Because the hepatic artery proper, the gas- 
troduodenal artery, and the right gastric artery 
are branches of the hepatic artery, a large 
opening into any one of these should instantly 
reduce the rate of blood flow through the 
other branches. The hydrodynamic changes 
involved may be illustrated by the following 
situation: a man is watering his garden when 
suddenly a large hole is cut into the middle 
portion of the hose. The flow at the nozzle of 
the hose immediately drops to a drizzle. 

The cause of massive hemorrhage from a 
duodenal ulcer is erosion into the gastroduo- 
denal artery or one of its major vessels. This 
vessel is extremely vulnerable because it lies 
immediately posterior to the first portion of 


the duodenum. Hemorrhage from a gastric 
ulcer usually originates from the right or left 
gastric arteries. Massive gastroduodenal hem 
orrhage should therefore produce a greater re 
duction in blood flow through the hepati: 
artery than would be produced by an equa! 
hemorrhage from other noncontiguous arteries. 
Conversely, hemorrhage from a periphera| 
vessel or other visceral arterial trunk woul: 
effect no greater reduction in blood flow 
through the hepatic artery than would be 
uniformly exhibited elsewhere in the vascular 
tree. 

Our experiments were designed so that 
hemodynamic changes could be measured sim- 
ultaneously in both the femoral and the 
hepatic arteries. The effects of hemorrhage of 
gastroduodenal artery origin could then be 
compared with the effects of a peripheral ar- 
tery hemorrhage. 


EXPERIMENTAL METHODS AND MATERIAL 


The investigations were conducted as acute 
experiments on large sized dogs. The bleed- 
ings were done in various ways to simulate 
human conditions. Rapid bleedings were per- 
formed with normal blood pressures, and 
bleedings were also done when the blood pres- 
sure had already reached hypotensive levels. 
Continuous bleeding and replacement were 
done. A tracing of blood pressure (or pulse 
pressure) and blood flow were made simulta- 
neously from one femoral ‘artery and the 
hepatic artery during the course of the bleed- 
ing. The site of hemorrhage was the contra- 
lateral femoral artery or the gastroduodenal 
artery. 

After surgical exposure of the vessel a 
cannula was placed in the cut end of the 
artery and the blood conducted to a graduated 
cylinder by means of a plastic tube. This pro- 
cedure produced a rapid hemorrhage equiva- 
lent to dividing the artery and preventing it 
from retracting. Blood replacement and in- 
fusions were administered via the intravenous 
route. All experiments were done under 
nembutal anesthesia. 

In those experiments wherein pulse pressure 
curves were sought, the hepatic artery was 
ligated and divided and the pressure tracing 
made from the central cut end. No attempt 
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was made to measure blood flow in these exper- 
iments. Pulse pressure tracings could not be 
made simultaneously with blood flow tracings 
since the method used by us to measure blood 
flow distorts the pressure curves. 

In the several experiments in which blood 
flow and blood pressure were measured, a 
femoral artery and the hepatic artery were 
divided and both proximal and distal ends of 
the vessel were cannulated. The blood was 
then made to run through the flowmeter be- 
fore returning to the distal cut end. The flow- 
meter introduces but little increase in the 
total resistance and the measurements of flow 
are quite accurate. 

Blood flow was measured with an electro- 
magnetic rotameter (12), and blood pressure 
or blood pressure tracings) with a Sanborn 
‘lectromanometer. The simultaneous record- 
ings were made on a Sanborn four channel 
polyvisocardiette. In some earlier experi- 
ments, blood pressure recordings were made 
with a mercury manometer and recorded on a 
smoked drum. No attempt to measure blood 
flow was made in the early experiments. In 
all, a total of 12 successful experiments were 
performed. Although there were minor vari- 
ations in anatomy and vessel size, the records 
in all experiments were uniformly similar. 


RESULTS 


Prehemorrhage pulse pressure tracings taken 
irom the hepatic and femoral arteries are 
illustrated in Figure 1. Notice that the pulse 
wave arrives at the hepatic artery 0.04 second 
sooner. The hepatic pulse wave shows a sus- 
tained systolic peak. The entire ejection phase 
lasts 0.16 second and falls only 25 millimeters 
to a well marked dicrotic notch. The decline in 
pressure during diastole is slight, and hence 
there is a plateau between each peak. This is 
especially noticeable in the femoral artery 
pulse where the pressure at times rises 
during diastole. Although they serve for 
comparative purposes of illustration, even 
these tracings cannot be considered entirely 
normal since they were taken after a moder- 
ately long operative procedure when the vessels 
were isolated and the hepatic artery divided. 

During rapid gastroduodenal artery hemor- 
thage, there is a striking reduction in the 
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Fig. 2. The alteration in pulse pressure with severe gas- 
troduodenal artery hemorrhage is shown. The hepatic 
artery peaks are approximately 25 millimeters lower than 
the femoral. The diastolic plateau of the hepatic artery 
has disappeared and a dicrotic notch is no longer visible. 
The pressure of the hepatic artery falls from the systolic 
peak almost rectilinearly to the next systole. 


height of the systolic peak of the hepatic artery 
pressure as compared to the femoral artery 
pressure (Fig. 2). The dicrotic notch is no 
longer visible in the hepatic artery pulse 
pressure tracing; and, after the systolic peak, 
the pressure descends almost rectilinearly to 
the ascending limb of the next systolic ejection. 
This causes a complete collapse of the diastolic 
phase in the hepatic artery, but a diastolic 
plateau is still apparent in the femoral artery 
tracing. The pulse pressure of the hepatic 
artery is nevertheless reduced because the 
systolic peaks are much lower. 

The fall in systolic blood pressure and nar- 
rowing of the pulse pressure which progresses 
with gastroduodenal artery bleeding is well 
demonstrated in Figure 3. At the time when 
the hepatic artery systolic pressure is 50 milli- 
meters of mercury, the femoral systolic pres- 
sure is still 75 millimeters of mercury. As the 
bleeding continues, the femoral artery systolic 
pressure tends to sustain itself at 50 milli- 
meters, while the hepatic artery pressure con- 
tinued to fall. 

A similar record obtained during femoral 
artery bleeding (Fig. 4) shows a uniform de- 
cline in both pressures alike. In fact, the 
hepatic pressure is higher than the femoral 
pressure. This might be expected since the 
bleeding occurred from the femoral artery on 
the side opposite the blood pressure recording. 
Notice that the hepatic artery pressure record- 
ing now shows a dicrotic notch, and that a 
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Fig. 3. Blood pressure tracing taken during rapid gas- 
troduodenal artery hemorrhage. The femoral artery pres- 
sure below is 75 when the hepatic artery pressure is 50. 
Thereafter, the femoral artery pressure tends to fall very 
little at all while the hepatic artery pressure above declines 
to zero. Notice the absence of dicrotic notch of the pulse 
pressure on the righthand side of the tracing. 


sustained diastolic pressure follows this di- 
crotic notch. 

The blood pressure recordings show an even 
more striking preferential difference when 
blood replacement by autotransfusion takes 
place during the bleeding. Figure 5 shows an 
increase in blood pressure with a widening of 
the femoral pulse pressure which takes place 
when blood replacement is given during gas- 
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Fig. 4. The blood pressures taken during rapid femoral 
artery bleeding demonstrate the equality of pressure fall in 
the hepatic and the femoral artery (contralateral to arterial 
hemorrhage). The pressure is even slightly higher in the 
hepatic artery. The dicrotic notch and the diastolic 
plateau of the hepatic artery persist in the pulse pressure 
tracing which is on the righthand portion of the tracing. 


troduodenal bleeding. The effect on the he- 
patic artery blood pressure is not as pro 
nounced. Figure 6 shows a reversal of the re- 
sult with femoral artery bleeding and blood 
replacement. Here, both are increasing in 
amplitude equally. 

When blood flow and blood pressures are 
measured, the differences are even more oste1i- 
sible. In our experiments, the magnitude of 
hepatic artery blood flow is far beneath that 
reported for normal dogs (8). Prolonged anes- 
thesia, hemorrhage, surgical manipulations, 
and arteria! cannulas, all reduce the hepatic 
artery blood flow and account for the discrep- 
ancy. This is not a disadvantage when one 
considers that patients who have suffered 
hemorrhage from a peptic ulcer probably have 
a similar reduction in the hepatic artery blood 
flow. Figure 7 shows the parallel fall which 
occurs in femoral and hepatic artery blood 
pressures with femoral artery bleeding. A 
profound and selective drop in femoral artery 
blood flow as compared to hepatic artery 
blood flow is evident. The recordings in 
Figure 8 were taken during gastroduodenal 
artery bleeding. Notice the rapid drop which 
occurs in the hepatic artery blood flow as 
compared to femoral artery blood flow. When 
the hepatic artery blood flow has completely 
ceased, the femoral artery blood flow is re- 
duced only by %. Most important is that 
the hepatic artery blood flow ceases when the 
hepatic artery blood pressure is about 60 milli- 
meters. At this point the femoral blood pres- 
sure is 100 millimeters of mercury. An in- 
stantaneous drop in hepatic artery blood pres- 
sure and blood flow occurs when gastroduo- 
denal bleeding started. No change is notice- 
able at this point in the femoral artery blood 
pressure or blood flow. 

When the hepatic artery blood flow had 
ceased and its blood pressure had fallen as a 
result of the prolonged gastroduodenal artery 
hemorrhage, a transfusion was started and the 
bleeding allowed to continue (Fig. 9). The 
restoration of femoral artery blood flow and 
blood pressure is dramatic, but the transfusion 
effectuates only a trifling alteration in the 
hepatic artery blood pressure and the hepatic 
artery blood flow remains nil. When bleeding 
ceases, hepatic blood flow rises immediately. 
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DISCUSSION 


Wilhelmi and Long have presented evidence 

o show that the metabolic effects of varying 
iegrees of hemorrhagic shock can be mimicked 
y hepatic anoxia of varying duration. Com- 
lete occlusion of the hepatic circulation for 1 
our or more produces irreversible liver dam- 
xe. The liver which has been subjected to 
.oxia becomes unable to form urea from 
nmonium salts or amino acids, and it loses 
e power to inactivate the vasodepressor 
iterial of Shorr. This vasodepressor mate- 
il is formed by hypoxic liver tissue both in 
vo and in vitro, and contributes to the gen- 
il peripheral vascular collapse. The experi- 
ents of Fine and Seligman demonstrate that 
patic anoxia plays an important role in the 
tiation and development of hemorrhagic 
ock in the dog, which can be prevented by 
ss-circulating the liver with blood from 
other animal. 

\Ithough the liver derives approximately 75 
per cent of its blood supply from the portal 
vein, the portal vein only contributes about 
so per cent of its oxygen supply (3,8). Normal- 
ly, the portal vein oxygen tension is 15 volumes 
per cent (75 per cent saturated) as compared 
to 19 volumes per cent (g5 per cent saturated) 
for arterial blood. With the generalized re- 
duction of blood flow which occurs with hemor- 
rhage and shock, arterial-venous oxygen dif- 
ferences increase in magnitude since the tis- 
sues extract the maximum available oxygen 
from the sluggishly flowing blood (7, 10). Yet, 
the arterial oxygen tension remains unchanged 
(10). Even in early shock, the venous blood 
flowing from the intestines (portal blood) ex- 
hibits a high degree of oxygen unsaturation 
(about 5 volumes per cent, or 20 per cent 
saturation); therefore, little is available for 
the liver from this source (4). Under this 
circumstance, the liver is completely depend- 
ent upon the hepatic artery blood flow for its 
oxygen supply. 

Our data indicate that a striking reduction 
in hepatic artery blood pressure and espe- 
cially in hepatic artery blood flow occurs with 
rapid gastroduodenal bleeding. This reduction 
is selective as compared to that of peripheral 
artery blood flow and blood pressure. The 
experimental results are shown in Figure 8. 





Fig. 5. The blood pressure record taken during femoral 
artery hemorrhage. The effects of bleeding become more 
pronounced when a simultaneous autotransfusion is given. 
Notice that the amplitude of the hepatic pulse pressure is 
almost as great as is the femoral. 


The experimental conditions duplicate the 
consequences which arise from a massive 
hemorrhage originating in a peptic ulcer. 
Since the gastroduodenal artery lies in relation 
to the first portion of the duodenum, it is in a 
most vulnerable position (Fig. 10, 1). Erosion 
into the gastroduodenal artery or one of its 
major branches would precipitously reduce 
the hepatic artery blood flow (Fig. 10, 2). 
Hepatic artery spasm and factors mentioned 
later further reduce its flow. Because the 
effects of the anemia of blood loss and the re- 
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Fig. 6. Blood replacement during persistent gastro- 
duodenal artery hemorrhage primarily restores the femoral 
artery blood and pulse pressures. The effect on hepatic 
artery blood and pulse pressures is not striking. 
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Fig. 7. Simultaneous records of blood pressure and blood flow were taken during 
the course of femoral artery hemorrhage. The femoral artery blood flow (lowermost) 
makes a pronounced decline when compared to the hepatic artery blood flow (second from 
bottom). It is apparent that the blood pressures do not mimic blood flow. 


duced portal oxygen tension are superimposed 
on this selective reduction in hepatic artery 
blood flow, hepatic hypoxia becomes pro- 
gressively more severe (Fig. 10, 3) and even- 
tually produces liver anoxia (Fig. 10, 4). This 
sequence of events should not be compared 
to simple occlusion of the hepatic artery 
which, in itself, is often fatal. 

The hemodynamic effects which peripheral 
artery hemorrhage produce on hepatic artery 
blood flow and pressure are no different than 
the effects produced on arterial blood flow 
elsewhere. A selective reduction in hepatic 
artery blood flow occurs with gastroduodenal 


artery hemorrhage because the pressure head 
at the origin of the hepatic artery is reduced. 
This reduction in hepatic artery blood pres- 
sure is caused by the sudden reduction in 
peripheral resistance which results from the 
opening of a large branch of the hepatic artery 
system (Fig. 10). The reduction in hepatic 
artery blood flow is most apparent when sys- 
temic blood pressure reaches levels beneath 75 
millimeters of mercury. One of the deleterious 
effects on blood flow occurs because of the 
complete collapse of diastolic pressures leaving 
the propulsion of blood then dependent solely 
on short systolic peaks (Fig. 2). 
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~ PelwoRAL ARTERY Moon Flow 
Fig. 8. These simultaneous records of blood flow and blood pressure which were taken during 
gastroduodenal artery hemorrhage should be contrasted with those in Figure 7. Notice the immediate 
and selective drop in blood flow which occurs in the hepatic artery (second from bottom). At a time 
when the hepatic blood flow has ceased, the femoral artery blood flow (bottom) is reduced only by 1/3. 


In the case of gastroduodenal artery bleed- 
ing, the disproportion between systemic and 
hepatic artery blood flow reaches its greatest 
magnitude at low systemic blood pressures. 
A partial explanation for this fact is that blood 
seemingly becomes more viscid at low flow 
rates. With rapid flow rates, the red cells 
tend to concentrate in the center of the vessel 
and form an almost solid central core. A 
central core in effect slides along on a relative- 
ly clear layer of plasma. This situation, which 
obtains at rapid flow rates, is called laminar, 
axial, or streamlined flow. At low flow rates, 
axial flow does not occur and each cell goes 
tumbling along turning on itself and churning 
up the surrounding blood plasma. Energy 
is expended producing such eddy currents. 
The net result is that the resistance to flow 


is greater at low flow rates; or, in other words, 
blood seems to be more viscid and more energy 
is required to circulate it. For these reasons, 
a rectilinear relationship between blood pres- 
sure and rate of blood flow (Poiseuille’s law) 
only occurs at blood pressure levels which are 
sufficiently high to produce axial flow. 

In addition to the hemodynamic factors 
mentioned which exaggerate the reduction of 
hepatic blood flow at low blood pressures, the 
resistance which the liver offers to the flow of 
blood increases after hemorrhage (15). The 
hepatic blood flow is further reduced and the 
hypoxia becomes more severe. According to 
Blalock, even moderate hemorrhage reduces 
the portal blood flow by more than half (2). 

In the treatment of massively bleeding 
peptic ulcers, some clinicians willfully pre- 
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Fig. 9. 


Recordings were taken during the course of persistent gastroduodenal artery 


hemorrhage when a rapid autotransfusion was given. The femoral artery blood flow 
and blood pressure responded with an immediate rise, but the effect on the hepatic 
artery blood pressure and blood flow is not so apparent. Later, when the bleeding was 
stopped, an immediate response in hepatic blood flow occurred. 


serve the low systemic blood pressures, by 
withholding transfusion completely or by giv- 
ing small transfusions slowly. This is advo- 
cated to favor clot formation and to prevent 
any newly formed clot from being dislodged. 
Our experimental data on gastroduodenal 
bleeding and gastroduodenal bleeding during 
blood replacement both indicate that the 
hepatic artery blood flow is most drastically 
reduced when the systemic blood pressure 
reaches low levels; therefore the hepatic anoxia 


will be most severe at reduced systemic blood 
pressure levels. To willfully maintain low 
blood pressures in patients seems contrain- 
dicated and is equivalent to the control of 
hemorrhage by the maintenance of shock. 
The quantitative replacement of blood loss is 
necessary to bolster a reduced hepatic artery 
blood flow (Fig. 6), and to prevent the low 
portal vein oxygen tensions which occur in 
shock as well as all of the general effects of 
reduced blood volume. Urgent surgery should 
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Normal hepatic 
circulation 
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Perforation of gastro- 
duodenal artery reduces 
blood flow in hepatic branches 


Progressive development of hepatic anoxia 


Fig. 10. 1, The blood supply to the liver is illustrated. The rates of blood flow are in- 
dicated by the size of the arrows. The degree of oxygen desaturation in the portal 
vein and in the liver is indicated by the degree of blackness. 2, When an ulcer erodes 
into the gastroduodenal artery, hemorrhage into the gastrointestinal tract occurs. 
The blood flow through the hepatic artery is selectively reduced. 3, As the hemor- 
rhage proceeds toward shock levels, there is a decrease in portal vein oxygen tension, 
and a further reduction in the hepatic artery blood flow. The liver hypoxia is now 


apparent. 


Possible spasm of the hepatic artery contributes to the reduction in arte- 


rial blood flow. 4, Liver anoxia eventually results from a further reduction in the ox- 
ygen saturation of portal vein blood and the almost complete cessation of hepatic 


arterial flow. 


be performed to effect hemostasis as soon as 
possible. Subtotal gastrectomy with applica- 
tion of gelfoam on the bleeding site would 
seem to be the procedure of choice. 

Because experimental evidence indicates 
that penicillin therapy aids in protecting the 
dog against the lethal effects of hepatic anoxia 
produced by hepatic artery ligation, penicillin 
and/or other equivalent antibiotics should 
be administered in all cases of gastroduodenal 
bleeding (9). 


Ravdin has demonstrated the extensive 
hepatic necrosis which general anesthetic 
agents produce in the presence of hypoxia. 
In addition, some anesthetic agents interfere 
with the in vitro oxygen uptake of tissue slices. 
An emergency operation in the presence of 
severe gastroduodenal bleeding is best per- 
formed under local, regional, or spinal anes- 
thesia (14), notwithstanding the fact that 
general anesthesia is advocated by some anes- 
thesiologists (1). 
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CONCLUSIONS 


Although the effects of massive femoral 
artery bleeding on the limb has long been 
recognized, the effects of gastroduodenal 
artery hemorrhage on blood flow of the liver 
has received little attention. Massive hemor- 
rhage arising from the gastroduodenal artery 
or a large contiguous branch selectively 
reduced the hepatic artery blood pressure and 
blood flow far in excess of that seen in more 
distal vessels. This selective reduction of 
blood flow becomes greatest when systemic 
blood pressure reaches levels beneath 100 
millimeters of mercury. In hemorrhage, there 
is a reduction in the oxygen tension of the 
portal venous blood which makes oxygen from 
this source unavailable to the liver. A selec- 
tive hepatic anoxia results which can be 
offered as the significant physiological basis 
for the mechanism of death in peptic ulcer 
hemorrhage. The deterioration of hepatic 


function is progressive and with continued 
anoxia a point of irreversible change is reached. 
It is therefore logical that urgent surgery be 
performed to effect hemostasis as soon as 
possible. The systemic blood pressure must at 


all times be maintained by vigorous trans- 
fusion to support the impaired hepatic oxygen 


my SUMMARY 

Massive arterial bleeding from the stomach 
or duodenum reduces the blood flow through 
the hepatic artery selectively. A sequence of 
events is initiated which produces selective 
hepatic hypoxia. Hepatic hypoxia has been 
implicated by several investigators as the 
fundamental cause of surgical shock. Emer- 
gency surgery to bring about hemostasis 
would be the treatment of choice for this type 
of bleeding. 


REFERENCES 


. BassacE, E. D., and BEttus, J. J. Anaesthesia fi, 


emergency surgery following massive upper gastri- 
intestinal bleeding. N. York State J. M., 1950, 5«: 
1600. 


. Bratock, A., and Levy, S. E. The effect of hemor- 


rhage, intestinal trauma and histamine on the par! '- 
tion of the blood stream. Am. J. Physiol., 1937, 115: 


734- 
. Bratock, A., and Mason, M. F. Observation on the 


blood flow and gaseous metabolism of the liver of u:,- 
anesthetized dogs. Am. J. Physiol., 1936, 117: 32%. 


. ENGEL, F. L., Harrison, H. C., and Lone, C. N. H. 


Biochemical studies on shock—III, the role of the 
liver and hepatic circulation in the metabolic 
changes during hemorrhagic shock in the rat and 
cat. J. Exp. M., 1944, 79: 9. 


. Fine, J., SELIGMAN, A. M., and Frank, H. A. On the 


specific role of the liver in hemorrhagic shock. Ann. 
Surg., 1947, 126: 1002. 


. Frnsterer, H. Surgical treatment of acute profuse 


gastric hemorrhage. Surg. Gyn. Obst., 1939, 69: 201. 


. Frank, H. A., and Fine, J. Traumatic shock—V, a 


study of the effect of oxygen on hemorrhagic shock. 
J. Clin. Invest., 1943, 22: 305. 


. Grinpiay, J. H., Herrick, J. F., and Many, F. C. 


Measurement of the blood flow of the liver. Am. J. 
Physiol., 1941, 1932: 489. 


. Markowitz, J., and Rappaport, A. M. The hepatic 


artery. Physiol. Rev., 1951, 31: 188. 


. Price, P. B., HANton, C. R., Loncmire, W. P., and 


METcaLr, W. Experimental shock—I, effects of 
acute hemorrhage in healthy dogs. Bull. Johns 
Hopkins Hosp., 1941, 69: 327. 


. Ravor, I. S., and Vars, H. M. Further studies on 


factors influencing liver injury and liver repair. 
Ann. Surg., 1950, 1932: 362. 


" SHIPLEY, R. E., and Witson, C. An improved record- 


ing — Proc. Soc. Exp. Biol., N. Y., 1951, 
78:7 


: ae. %, ZWEIFACH, B. W., and Furcucorr, R. F. 


Hepato- renal factors of hepato- renal origin on the 
vascular reactions to hemorrhage. Ann. N. York 
Acad. Sc., 1948, 49: 571. 


. TANNER, N. C., and Desmonp, A. M. The surgical 


treatment of hematemesis and melena. Postgrad. 
M. J., Lond., 1950, 26: 253. 


. WiccERs, C. J., OppyKE, D. F., and Jounson, J. R. 


Portal pressure gradients under experimental con- 
ditions, including hemorrhagic shock. Am. J 
Physiol., 1946, 146: 192. 


. WitHetm, A. E., and Lone, C. N. H. Metabolic 


changes associated with hemorrhage. Ann. N. 
York Acad. Sc., 1948, 49: 605. 





PORTACAVAL SHUNTING FOR PORTAL HYPERTENSION 


ARTHUR H. BLAKEMORE, M.D., New York, New York 


ORTAL hypertension the result of 
obstruction in the portal bed, though 
rare in incidence, rates deservedly high 

in clinical importance. Hematemesis, 

t dreaded omen of serious pathology, 
ms its victims with deadly regularity. In 
‘s of portal hypertension the incidence of 
th soon after the onset of attacks of gastro- 
‘stinal hemorrhage is exceedingly high, 
ticularly is this true in cirrhosis of the 
r. For example, Patek in a follow-up study 
50 carefully treated cases of cirrhosis states 

t 50 per cent of the patients who had 
natemesis were dead of hemorrhage within 
12 month period dating from the onset 
their first hemorrhage. Snell reports an 
cn higher mortality; namely, 80 per cent 

within a year of their first hemorrhage. 


THE SYNDROME OF PORTAL BED BLOCK 


The syndrome of portal hypertension often 


referred to as Banti’s syndrome is well known; 
namely, congestive splenomegaly, secondary 
anemia, leucopenia, thrombocytopenia, and a 
history of attacks of gastrointestinal bleeding 
or demonstrable evidence of the presence of 
esophageal varices. 

This syndrome was first described by Banti 
in 1894 and became known as Banti’s disease. 
It was Banti’s concept that the pathologic 
process originated in the spleen, later to be 
followed by disease of the liver. This theory 
led to confusion subsequently when it became 
obvious that many of the patients did not 
develop disease of the liver. It is to Dr. Allen 
Whipple that we owe most for dispelling this 
confusion. His careful, searching studies of 
the pathology, natural history, and clinical 
course of the various obstructive portal 
venopathies are classic. The facts are that 
congestive splenomegaly with hypersplenism 
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may be caused by a number of obstructive 
portal lesions. 

Cases of portal hypertension are classified 
in two groups in accordance with the site of 
portal block; namely, intrahepatic, for exam- 
ple, due to cirrhosis of the liver; or extrahe- 
patic, cases in which the liver is normal but 
portal hypertension results from a block in 
the portal vein itself or its radicals outside of 
the liver. 


RATIONALE OF PORTACAVAL SHUNTING 


Our discussion will be confined to the treat- 
ment of portal hypertension by portacaval 
shunting. The term “portacaval shunt”’ is used 
by us to include any type of anastomosis that 
joins the portal and caval systems of veins. 

The veins commonly employed by us are 
the portal vein anastomosed to the vena cava, 
and the splenic vein anastomosed, end-to- 
side, with the left renal vein following splen- 
ectomy. In cases of portal hypertension these 
large veins when anastomosed to the caval 
system create a direct shunt or circuit haying 
a decreased resistance to blood flow. The 
shunt is capable of shifting, rapidly, a large 
volume of blood from the high pressure portal 
system to the low pressure caval system. This, 
of necessity, causes a marked fall in portal 
pressure, as determined by measurement, and 
immediately relieves the strain upon the over- 
burdened coronary-esophageal circuit of col- 
lateral veins, thereby, protecting the patient 
against the recurrence of hemorrhage. 

Of all the surgical procedures that have 
been employed in the treatment of portal 
hypertension, the portacaval shunt operation 
is the one procedure in which the effects upon 
portal hypertension have been quantitated on 
the spot by direct portal pressure measure- 
ments. The portal pressure is reduced in 
direct proportion to the size of the shunt and 
the size of the veins employed in the establish- 
ment of the shunt. Furthermore, as a result 
of routinely measuring portal pressure before 
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TABLE I.—RELATIONSHIP OF POSTSHUNT POR- 
TAL PRESSURE TO POSTOPERATIVE CHANGES 
IN VARICES (ESOPHAGRAM) IN 54 CASES 





Status of varices 


| 

| Dis- Di- | No 

| appeared | minished j change 
7 








Pressure below 300 mm. H2O 


14 25 4 





Pressure over 300 mm. H20 I 3 7 





and after the establishment of shunts in a 
considerable number of patients in whom a 
preoperative and postoperative study of the 
esophageal varices had been made, the effect 
of a substantial drop in portal pressure in re- 
ducing the size of varices has been observed. 
And, finally, the follow-up correlation of the 
subsidence of the esophageal varices with the 
cessation of hemorrhages postoperatively es- 
tablishes the rationale of portacaval shunting 
for portal hypertension. 

An analysis of 54 cases of shunting (Table 
I) shows the relationship of postshunt portal 
pressure to postoperative changes in esopha- 
geal varices. A portal pressure reduction to a 
level below 300 millimeters of saline occurred 
following the establishment of shunts in 43 or 
80 per cent of the 54 cases. In 11 patients the 
postshunt portal pressure exceeded 300 milli- 
meters of saline. Of the former group there 
was disappearance of the esophageal varices in 
14 patients; in 25 patients the varices were 
diminished following shunting and in 4 pa- 
tients there was no change. Whereas, in the 
11 shunted patients in whom the portal pres- 
sure exceeded 300 millimeters of saline, the 
varices disappeared in only 1 patient, became 
diminished in 3, and remained unchanged in 
7 patients. It will be noted that in the group of 
43 cases of postshunt pressures below 300 
millimeters of saline, there was disappearance 
or diminution in size of the varices in 39 cases 
(90 per cent) as against only 4 cases (36 per 
cent) of the 11 cases of postshunt pressures in 
excess of 300 millimeters of saline. The shunts 
or the veins employed in the establishment of 
the shunts were of inadequate size in these 11 
patients who had postshunt pressures in excess 
of 300 millimeters of saline. On the other 
hand, shunts of a size adequate to reduce 
portal pressure below 300 millimeters of saline 


are generally satisfactory. In our entire serivs 
of cases of portal hypertension there have 
been but 2 patients who gave a history «/ 
hematemesis who had portal pressures below 
300 millimeters of saline; one had a porta! 
pressure of 280 millimeters of saline and thc 
other of 290 millimeters of saline. The portal 
vein to vena cava type of portacaval shunt can 
be counted upon to reduce the portal pressure 
to a figure well below 300 millimeters of saline. 
Whereas, there is likely to be a variability in 
the size of the splenic vein, which is frequently 
used in the establishment of portacaval 
shunts, it is regularly of adequate size to re- 
duce the portal pressure to satisfactory levels. 
Having established the relationship of porta- 
caval shunting with correction of portal hy- 
pertension to a reduction in size of esophageal 
varices, we will now discuss the correlation 
between a reduction in size or the disappear- 
ance of esophageal varices and the cessation of 
hemorrhage. 

In 75 cases of shunting (Table II) pre- 
operative and postoperative esophagram com- 
parisons of varices with relationship to post- 
operative hemorrhage are made. The rela- 
tionship is unequivocal; namely, in those cases 
in which the esophageal varices disappeared 
or became diminished in size (80 per cent), the 
incidence of recurrence of hemorrhage was 3 
per cent compared to an incidence of 60 per 
cent in those cases in which the varices re- 
mained unchanged. 

Finally, a relationship between the recur- 
rence of hemorrhage postoperatively to the 
patency of shunts has been established as fol- 
lows: Of 13 follow-up deaths in which hema- 
temeses had occurred postoperatively, at 
necropsy the shunts were found to be com- 
pletely closed in 12 patients, and 75 per cent 
closed in 1 case. This emphasizes the im- 
portance of maintained patency of shunts. 

In summary, our recorded observations at 
operation of a marked reduction in portal 
pressure upon the establishment of portacaval 
shunts correlated with a reduction in size or 
disappearance of esophageal varices postop- 
eratively and the cessation of hemorrhage es- 
tablishes the rationale of portacaval shunting 
for the treatment of portal hypertension. 

In summary, our recorded observations at 
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‘ration of a marked reduction in portal 
ssure upon the establishment of portacaval 
ints correlated with a reduction in size or 
appearance of esophageal varices post- 
‘ratively and the cessation of hemorrhage 
iblishes the rationale of portacaval shunt- 
for the treatment of portal hypertension. 
faving cited proof that the establishment 
| maintained patency of portacaval shunts, 
)loying either the splenic or portal veins, 
prevent the recurrence of gastrointestinal 
iorrhage, two important questions arise; 
iely, (1) Is it technically possible to achieve 
‘ained patency in a high percentage of 
tacaval shunts? (2) What is the operative 
of the procedure? 


THE PROBLEM OF SUSTAINED PATENCY 
IN PORTACAVAL SHUNTS 


Prior to taking up a restudy of portacaval 
shunting in the early forties, Dr. Allen Whip- 
pie and I had to our discredit 1 case each of 
ui successful shunting. These operations (per- 
formed in the early thirties) involved anasto- 
motic junction of the mesenteric and spermatic 
veins in one case and the ileocolic vein to the 
vena cava in the other. Whereas, we were 
both duly impressed with the tedium of sewing 
small, fragile veins deep within the abdomen, 
I was particularly impressed by the rapidity 
with which my patient, a cirrhotic in his 
sixties, died in coma. 

In the early 1940’s, a decade after our initial 
failures, we undertook a restudy of the prob- 
lem of portacaval shunting in the belief that 
advances had been made that would have an 
important bearing upon the clinical success 
of the procedure. The increase in knowledge 
of cirrhosis of the liver was of particular im- 
portance because cirrhosis is the cause of 
portal hypertension in two thirds of the 
patients having this malady. The Patek 
regimen for the treatment of cirrhosis well 
demonstrated the benefits of a high protein, 
carbohydrate, and vitamin diet and gave the 
cue to the preparation of these patients for 
operations of the magnitude of the shunting 
procedure. Other advances of great im- 
portance were: the availability of blood and 
plasma through the blood bank for the quick 
correction of anemia, restoration of proteins 


TABLE II.— PREOPERATIVE AND POSTOPERATIVE 
ESOPHAGRAM COMPARISON OF VARICES IN 
75 CASES WITH RELATION TO POSTOPERA- 
TIVE HEMATEMESIS 








| | Ba 
| | | Total No. 
Intra- | Extra- | | cases of 
hepatic | hepatic | ae ee | postop. 
No. cases | No. cases eae ~ | hema- 
| temesis 


Postoperative status 
of varices 


Disappeared 18 | 8 26 | ° 


Diminished j 4 34 | 2 


aoek Seen 
No change | II | 15 | 9 





Cases of varices disappeared or diminished (80 per cent), with post- 
operative incidence of hematemesis cf 3 per cent. 

Cases of varices unchanged (20 per cent), with postcperative incidence 
of hematemesis of 60 per cent. 
and, above all, for the prevention of anoxia 
and shock due to hemorrhage; improvements 
in anesthetics and the administration of anes- 
thesia in the prevention of anoxia and shock; 
absolute control over infection, a must for the 
success of venous shunts, has been more nearly 
achieved than ever before in the history of 
surgery with the coming of the antibiotics; 
and finally, the potential control of blood 
clotting with the use of heparin, an important 
asset in maintaining patency in the smaller 
venous shunts. 

In addition to the advances, enumerated, 
our interest in undertaking a restudy of the 
problem of portacaval shunting was sparked 
by the advent of a nonsuture method of blood 
vessel anastomosis employing vitallium tubes. 
Dr. Jere Lord and I had employed the method 
in vein graft bridging of arterial defects in 
dogs with outstanding success. Likewise, at the 
time, we had several short term follow-ups in 
patients whose arterial defects had been suc- 
cessfully bridged. Impressed by the sim- 
plicity and time-saving aspects of the method, 
we adopted its use for the establishment of 
portacaval shunts. This choice of the non- 
suture method over the suture method ini- 
tially proved to be an unwise choice. It was 
not easy to detect our error early because 
many of the shunts remained permanently 
patent, and those that failed, for the most 
part, gave evidence of failure many months 
or in some instances, a year or more after 
operation. In time necropsy examinations 
of specimens showing varying degrees of 
patency of the shunts revealed the mechanism 
of failure as that of gradual fibrotic occlusion. 
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Fig. 1. A drawing to illustrate a completed femoral vein 
graft anastomosis, connecting a sizable collateral portal 
vein to the vena cava. Note that the accessory portal col- 
lateral vein is well anterior within the hepatoduodenal 
ligament paralleling the common duct. (Courtesy of Ann. 
Surg., 1951, 134: 420) (1). 


This is in contrast to thrombotic occlusion 
which in our experience is the mechanism of 
failure of venous shunts employing the suture 
technique. The practical difference is that the 
mechanism of failure of suture anastomoses 
is a rapid one initiated in the immediate 
postoperative period before intimal covering 
of the suture line has taken place. This, in 
our opinion, is adequate reason for the em- 
ployment of a carefully placed, continuous 
mattress suture, frequently interrupted and 
tied to stay sutures, in the performance of 
these intra-abdominal venous shunts. In 
growing children interrupted mattress sutures 


TABLE I1I.—POSTSHUNT BLEEDING IN 40 SHUNTS 
IN THE EXTRAHEPATIC GROUP, COMPARING 
VITALLIUM TUBE AND SUTURE TECHNIQUES 








Postshunt bleeding 
No. of 
shunts 





Technique 


Minor Major 





Vitallium tube 
Splenorenal 2 





Portacaval 





Small veins =e I 


2 (28.5%)| 3 (42.8%) 





Total 





Suture 
Splenorenal I I 





Portacaval 





Small veins* 3 4 
Total 4 (12.1%) 5 (15.0%) 


*These patients were in the postsplenectomy bleeders’ group. 
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Fig. 2. A drawing to illustrate 2 completed shunt em- 
ploying a segment of superficial femoral vein to bridge the 
distance between the splenic and the left renal veins. Note 
the coronary vein joining the splenic vein near its junction 
with the superior mesenteric vein and the large size of the 
splenic vein in this region. (Courtesy of Ann. Surg., 1951, 
134: 420) (1). 
are employed. The effect of the mattress 
sutures is, of course, to evert the intima when 
drawn taut and thus bury the silk from con- 
tact with the blood. It may as well be stated 
at this point also, that the best blood vessel 
technique, in all its detail, is none too good for 
the success of these relatively low pressure, 
intra-abdominal, venous shunts. This tend- 
ency to early postoperative deposit of throm- 
bus at the suture site no doubt accounts for 
the considerably higher failure incidence of 
shunts employing the lesser veins (Table III). 
Certainly it is with the employment of the 
smaller veins in the establishment of shunts 
that an anticoagulant is needed to prevent 
the initiation of clotting immediately upon 
opening the shunt at the completion of the 
anastomosis. It is fortunate indeed that we 
now have a safe method of continuous, regional 
heparinization (1) that will insure protection 
of the anastomosis site against thrombus for- 
mation during the immediate postoperative 
period of healing of the intima. In summary, 
evidence has accumulated to indicate that if 
occlusion of a shunt employing the suture 
technique occurs, it takes place during the 
early postoperative healing period, unlike the 
nonsuture method which is likely to become 
occluded many months after operation as the 
result of gradual fibrotic occlusion. 

Table III indicates the comparative ef- 
ficiency of the nonsuture and the suture 
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niques in the establishment of portacaval 
its in the prevention of the occurrence of 
orrhage in 40 cases of portal hypertension 
to extrahepatic portal block. Note the 
iderably higher failure percentage em- 
ing the nonsuture vitallium tube tech- 
e compared with the suture technique. 
high incidence of postsplenectomy bleed- 
mong the suture group made it necessary 
ploy lesser veins in the establishment of 
ts. This is because in cases of portal 
rtension secondary to extrahepatic block 
ortal vein is regularly the site of block, 
h renders it unfit for shunting purposes. 
1ectomy at a previous operation in these 
ases rendered the splenic vein unfit for 
t anastomosis to the left renal vein. This 
ssitated the employment of lesser veins, 
: example, the mesenterics in this group. 
e the failures were 7 in 12 cases. 
he recent development of a technique of 
vei graft bridging between the splenic vein, 
‘ir its junction with the superior mesenteric 
vein to the left renal vein employing a segment 
of femoral vein offers renewed hope for this 
pathetic group of postsplenectomy bleeders 
(1). Also in some of the cases of extrahepatic 
block, a sizable collateral vein may be found 
paralleling the common duct. We have em- 
ployed a vein graft to join this vein to the 
vena cava with the establishment of successful 
shunts. Figures 1 and 2 illustrate the employ- 
ment of vein grafts as described. A technique 
for regional heparinization has been devised 
(1), employing a fine plastic catheter which is 
introduced into a small portal radical in close 
proximity to the shunt. The catheter is se- 
cured between two silk ligatures and the other 
end brought out of the wound and connected 
for the introduction of a heparin drip im- 
mediately after completion of the anastomo- 
sis. By employing a constant pressure ap- 
paratus, a continuous flow of heparin solution 
is maintained throughout the postoperative 
healing period of the anastomosis. A second 
plastic catheter may be introduced into the 
vena cava via the femoral vein for blood 
sampling purposes. The tip of this catheter is 
advanced up the vena cava to a level just 
above the level of the shunted portal blood. 
This permits sampling of shunted portal 


Fig. 3. Photograph of a patient in whom a femoral vein 
graft was employed in the establishment of a shunt between 
the splenic vein near its junction with the superior mesen- 
teric vein and the left renal vein. Note the two exteriorized 
polyvinyl plastic catheters. The upper catheter is secured 
between two suture ligatures in the inferior mesenteric 
vein near its junction with the splenic vein. Through this 
catheter a continuous heparin-saline drip affords protection 
against thrombosis of the nearby shunt. The lower catheter 
is a blood sampling catheter, the tip of which extends up 
the vena cava to a level above the left renal vein. This 
enables one to sample shunted blood for clotting times or 
other purposes. 


blood mixed with vena cava blood for the 
determination of clotting time in comparison 
with the clotting time of systemic blood drawn 
from an arm vein. With the continuous ad- 
ministration of a heparin solution via the 
portal catheter, the systemic blood clotting 
time may be kept at a safe level of 20 to 25 
minutes, and at the same time the vena cava 
sample, containing shunted portal blood, will 
range in clotting time between 60 and 75 
minutes. Considering the high dilution of the 
shunted portal blood as sampled from the 
vena cava the clotting time of the undiluted 
portal blood passing through the shunt itself 
must be very high indeed. Finally, at the 
conclusion of the healing period one can tell 
positively whether the shunt is patent or not 
on the basis of differential clotting times done 
coincidentally on samples of blood taken from 
the vena cava and the arm veins. Figure 3 is 
a photograph of a patient showing the two 
plastic catheters in place. In this patient a 
shunt was established employing a segment of 
femoral vein to bridge the distance between 
the splenic vein, near its junction with the 
superior mesenteric and the left renal vein. 
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TABLE IV.—POSTSHUNT BLEEDING IN 96 SHUNTS 
IN THE INTRAHEPATIC GROUP, COMPARING 
VITALLIUM TUBE AND SUTURE TECHNIQUES 





Postshunt bleeding 
No. of 
shunts 





Technique 


Minor Major 





Vitallium tube 
Splenorenal 2 7 





Portacaval 5 — 2 


Small veins — _ 


2 (11%) 9 (52%) 


Total 
Suture 
Splenorenal ; - 4 


Portacaval c 2 


Small veins - 
Total 1 (1.2%)| 6 (7.0%) 


a patients of this group have been operated upon with a secondary 
unt. 














In Table IV a comparative summary is 
made of the nonsuture and the suture tech- 
niques in 96 cases of intrahepatic portal 
block. Note again the high failure rate when 
the nonsuture technique was employed. Com- 
paring the results of the suture technique in 
splenorenal shunts with those in which the 
portal vein was employed reveals less failures 
with the latter. As a matter of fact, partial 
(40 per cent) thrombosis of the portal vein was 
encountered at operation in all 3 failures. In 2 
of the failures successful splenorenal shunts 
have been established. In a recent case of 
portal vein thrombosis the medial half of the 
vein was occupied by organized thrombus, 
and the lateral half contained soft clot. The 
latter was removed and a side-to-side anasto- 
mosis of the portal vein to vena cava was 
performed. Upon opening the shunt in this 
patient, the portal pressure fell 220 milli- 
meters of saline to a safe level. Continuous 


TABLE V.—POSTSHUNTBLEEDINGIN III SHUNTS 
USING SUTURE TECHNIQUE IN COMBINED 
EXTRAHEPATIC AND INTRAHEPATIC GROUP 





Postshunt bleeding 
No. of 





shunts 
Major 





Splenorenal 52 5 








Portacaval 46 2 





Small veins 13 4 


5 (4.5%)| 11 (9.9%) 














Total III 
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regional heparinization was employed post- 
operatively with success. We do not employ 
regional heparinization in an uncomplicated 
case when employing the portal vein. Due to 
the higher failure rate of splenorenal shunts, 
it is now our custom to use regional heparin- 
ization for a few days postoperatively, until 
intimal healing of suture line has taken place, 

Table V summarizes the failures when the 
suture technique was used. If one sum- 
marizes the results obtained by using the 
suture technique for the establishment of 
shunts, the failure rate in accordance with the 
size of the veins employed is as follows: portal 
vein, 6.5 per cent; splenic vein, 11.5 per cent; 
smaller veins, 55 per cent. These percentages 
include as failures patients who have had even 
minor episodes of bleeding postoperatively. It 
is reasonable to assume that the shunts may 
still be patent in some of these patients but of 
inadequate size to shunt sufficient blood to 
lower the portal pressure to a safe level unde1 
all conditions. There is one observation that 
is outstanding, however, and that is that the 
use of either the splenic or portal veins in the 
establishment of shunts is remarkably efficient 
in the prevention of hemorrhage. 


OPERATIVE RISK 


Table VI indicates the operative deaths and 
the causes of death in 166 shunting operations 
on 160 patients. The figures demonstrate that 
portacaval shunting may be achieved at 
minimal risk in patients with extrahepatic 
portal block having normal livers. The effects 
of liver damage on operative risk in the intra- 
hepatic group is striking. 

In view of the fact that operative risk is of 
primary concern in the cirrhosis group that 
make up 63.3 per cent of our portal hyper- 
tensive cases, the discussion of operative risk 
shall be primarily limited to this group. 

Table VII shows the correlation of liver 
function tests with postoperative deaths and 
follow-up deaths in cases of cirrhosis. A study 
of this composite table is most informative and 
the relation of impaired liver function (in 
terms of liver chemistries) to operative risk 
and follow-up prognosis is self-evident. 

Table VIII presents the mortality rate 
percentage of the series of cases presented in 
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TABLE VI.—POSTOPERATIVE DEATHS IN 166 SHUNT OPERATIONS ON 160 PATIENTS 








Cause of death 





v ‘ Operative | Operative 

one. bac Operative Thrombosis| Gastro- deaths | mortality 
hemor- portal intestinal No. per cent 

rhages system jhemorrhage 
No. cases No. cases | No. cases 


Type of shunt 





Extrahepatic 
Splenorenal 





Portacaval 





Others 
Total 











Intrahepatic 
Splenorenal I 





Portacaval = 
(Sepsis) 





: Others =a 





Total 117 2 
































Totals 160 2 





*Percentage mortality in 166 shunting operations. 


the previous table split according to the aver- deaths, the follow-up deaths, and the living 
ages of the liver chemistries in the postopera- cases of cirrhosis of the liver. Noting that the 
tive deaths. bromsulfalein retention averaged 25.8 per cent 

Table [IX combines the average results of in the large group of patients operated upon 
the liver chemistries in the postoperative who are still alive, we have carried the brom- 


TABLE VII.—CORRELATION OF LIVER FUNCTION TESTS WITH 
POSTOPERATIVE DEATHS AND FOLLOW-UP DEATHS 





Mortality 





No. of No. of Nacol No. of 
patients | postopera-| <1 vivals follow-up 


tive deaths deaths Postopera- 


tive 
per cent 


Follow-up 
per cent 





Serum albumin 
less than 3 gm. per cent 37- 





more than 3 gm. per cent 17. 





Ascites* 
F 46. 





R 





None 





Prothrombin time 
more than 4 sec. above normal 





less than 4 sec. above normal 





Cephalin flocculation 
3t+—4t+ 


I+—2+ 


Bromsulfalein (30 min. after injection) 
above ro per cent 











below ro per cent 





Bilirubin 
above 1 mgm. per cent 
































below 1 mgm. per cent 





*F—indicates cases that failed to respond to medical treatment. 
R—indicates cases that responded to medical treatment. 
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TABLE VIII.—MORTALITY RATE PERCENTAGE 
OF SERIES CONSIDERED IN TABLE VII, SPLIT 
ACCORDING TO AVERAGES OF LIVER CHEM- 
ISTRIES IN THE POSTOPERATIVE DEATHS 








Mortality 
rate 
per cent 


No. of 
patients 


No. of 


Test deaths 





Serum Below 3.58 gm. per cent 34 


albumin 





Above 3.58 gm. per cent 117 





Prothrombin 
time above 
normal 


More than 5.5 sec. 30 





Less than 5.5 sec. 104 





Bromsulfalein | More than 30.3 per cent 31 
retention 
afterzomin.| Less than 30.3 per cent 107 








Serum Above 1.38 mgm. per cent 32 


bilirubin 

















Below 1.38 mgm. percent! 105 





sulfalein retention analysis in the group of 
postoperative deaths one step further. 

Table X shows the postoperative mortality 
rates for retentions of bromsulfalein 4% hour 
after injection in excess of 20 per cent and 
below 20 per cent. Note the postoperative 
mortality rate of only 12.3 per cent in 73 
patients having bromsulfalein retentions of 
less than 20 per cent. Comparison of this 12.3 
per cent mortality with a postoperative mor- 
tality of 6.9 per cent for the 43 patients hav- 
ing extrahepatic portal block, in whom the 
bromsulfalein retention averaged under 10 
per cent, may be taken as evidence that the 
difference between 10 and 20 per cent brom- 
sulfalein retention indicated a degree of liver 
damage that was responsible for the 5.4 per 
cent difference in postoperative mortality. 
That this evidence is not conclusive, however, 
is well illustrated by the fact that 64 cirrhosis 
patients having bromsulfalein retentions aver- 
aging 21.1 per cent were operated upon with a 


TABLE IX.—AVERAGES OF LIVER CHEMISTRIES 
IN THE INTRAHEPATIC POSTOPERATIVE 
DEATHS, FOLLOW-UP DEATHS, AND LIVING 
PATIENTS 








Pro- 
thrombin,| Serum 
. time | albumin 
above gm. after 30 
normal, | per cent min., 
sec. per cent 


Bromsul- 
falein re- 
tention 


Serum 
bilirubin 
mgm. 
per cent 





Postoperative 
deaths 1.38 


5.5 3.58 30.3 





Follow-up deaths 4.1 3.69 28.7 1.17 


Alive 3.6 

















4.04 25.8 1.10 
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postoperative mortality of only 9.3 per cent. 
This statement indicates that many factors 
enter into the evaluation of operative risk. 


CLINICAL EVALUATION OF OPERATIVE RISK 
OF SHUNTING 


In the clinical evaluation of operative risk 
all factors having a bearing on success or 
failure must be taken into consideration. The 
factors must be evaluated and correlated in 
the individual case in arriving at a judgment 
of whether the patient is a good or poor 
operative risk for portacaval shunting. In 
addition to the liver chemistries mentioned in 
the tables, others, such as serum phosphatase, 
cholesterol partition, are regularly obtained. 
In all cases of chronic ascites water balance 
and electrolyte studies are carried out with, in 
addition, an evaluation of the patient’s 
response to mercuhydrin. 

The importance of a careful history and 
physical examination cannot be emphasized 
too much in the evaluation of operative risk. 
In the first place, the history often gives a cue 
to the type of cirrhosis present. There are an 
appreciable number of cirrhotics whom one 
can classify as poor risks for shunting on the 
basis of their history and physical examina- 
tion alone. For example, alcoholics, usually 
of the older age group, who give a history of 
anorexia, weakness, and unremitting jaundice 
who, on examination, are moderately jaun- 
diced, show soft part wasting and the presence 
of ascites. Such cases would be classed in the 
poor risk group. This does not necessarily 
mean, particularly in the younger age group, 
that a remission of the disease will not take 
place in some of these patients under the 
favorable aegis of the modern medical dietary 
regimen for the treatment of cirrhosis. Un- 
fortunately, however, too often in this group, 
the gains made in improving their livers is 
“washed away” by recurring hemorrhage or 
wasting ascites. 

Certain liver chemistry tests may aid in the 
differentiation of the different types of cirrhosis 
of the liver, but one must ever keep in mind 
that a given set of values for these different 
tests does not have the same significance In 
the evaluation of operative risk in the dif- 
ferent types of cirrhosis. Whereas, we cannot 
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give a full discussion of this important aspect 
in the clinical evaluation of operative risk for 
shunting, outstanding examples may be given: 

1. Experience has indicated that deep 
jaundice, as evidenced by a high serum 
bilirubin level, does not affect operative risk 
adversely in cases of cirrhosis secondary to 
common duct obstruction to nearly the extent 
that the same level would affect adversely 
cases of Laennec’s cirrhosis. 

2. We have gained the impression that 
the strongly positive (3+ to 4+) cephalin 
flocculation tests more seriously affect opera- 
tive risk in Laennec’s cirrhosis than in post- 
hepatitis cirrhosis. 

3. A moderate elevation of serum phos- 
phatase in cases of Laennec’s cirrhosis would 
seem to affect operative risk more unfavorably 
than double the value in cases of posthepatitis 
cirrhosis so affected. . 

4. Finally, we believe that bromsulfalein 
retention of a given value affects the operative 
outcome less in posthepatitis cirrhosis than is 
the case with Laennec’s cirrhosis. 

Whereas, there are yet other factors that 
come up for evaluation in determining opera- 
tive risk for shunting, the discussion will close 
with mention of the age factor as follows: 
There were 6 children with cirrhosis in which 
the shunting operation was carried out with- 
out a postoperative death, but in 3 patients 
aged 62, 64, and 67 years, there were 2 post- 
operative deaths, both cardiac. 

In Table XI 117 cases of shunting operation 
in the presence of cirrhosis upon clinical 
evaluation, are divided into good operative 
risk and poor operative risk groups, A and B. 
It is noted that 55 per cent or 64 of the 117 
patients were classified as good risk patients. 
The postoperative mortality in these 64 
cases was 9.3 per cent. In group B are classi- 
fied 53 patients (45 per cent), belonging in the 
poor operative risk category. The postopera- 
tive mortality was 39.9 per cent in this group. 

The difference in operative risk between 
patients having minimal disease of the liver 
and derangement of function compared with 
those having extensive disease and impairment 
of liver function is great indeed. It is com- 
forting to note, however, that portacaval 
shunting can be accomplished in more than 


TABLE X.—CORRELATION OF BROMSULFALEIN 
RETENTION (20 PER CENT AFTER 30 
MINUTES) AND POSTOPERATIVE DEATHS 








No. of | Mortality 
P.O. rate 
deaths | per cent 


No. of 
patients 





Bromsulfalein re- 
tention after 30 
min. 


Above 20 per cent 65 18 27.7 





Below 20 per cent 73 9 12.3 

















half of all patients having cirrhosis of the 
liver with a reasonable operative risk (9.3 
per cent). Furthermore, taking into account 
the sizable group having portal hypertension 
secondary to extrahepatic portal block in 
whom the liver is normal and the operative 
risk is low, the over-all picture for portacaval 
shunting is most encouraging as follows: 

Combining the 64 good risk cirrhosis cases 
with the 43 extrahepatic portal block cases 
adds up to 107 cases or 66.8 per cent of the 
entire series of 160 portal hypertensive cases. 
There were 9g postoperative deaths in this 
combined group of 107 cases or 8.4 per cent. 
This indicates that portacaval shunting may 
be accomplished in at least two-thirds of the 
cases of portal hypertension at an operative 
risk well under 10 per cent. 

Though we have demonstrated a low opera- 
tive risk for portacaval shunting (8.4 per 
cent) in two thirds of all cases having portal 
hypertension, the question is properly asked 
what can be done to lower the operative risk 
of shunting in the remaining one third of 
portal hypertensive patients who have severely 
damaged livers? 

It is informative to present the average 
liver chemistry values of the patients classi- 
fied as good operative risk (group A) for com- 
parison with the average values for group B, 


TABLE XI.—POSTOPERATIVE MORTALITY RATE 
IN II7 PATIENTS WITH INTRAHEPATIC 
BLOCK DIVIDED INTO 2 GROUPS ACCORDING 
TO CLINICAL EVALUATION (A, GOOD RISK, 
AND B, POOR RISK) 





Group A Group B 





No. | Per cent 


No. Per cent 





Total patients 64 














Postoperative 
deaths 6 9.3 
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TABLE XII.—AVERAGES OF LIVER CHEMISTRIES 
IN PATIENTS WITH INTRAHEPATIC BLOCK 
SPLIT INTO TWO GROUPS (A, GOOD RISK, AND 
B, POOR RISK) ACCORDING TO CLINICAL 
EVALUATION 








Group A Group B 
No. patients | No. patients 





Serum albumin (gm. per cent) 4.2 3-4 





Ascites F* 5 
Rf 2 
None 57 











Prothrombin time above normal (sec.) 3.3 





Cephalin flocculation 
ce eer Gg 19 


1+—2+ 42 


Bromsulfalein retention after 30 
minutes (per cent) 21.1 

















Serum bilirubin (mgm. per cent) 0.87 





*F =Failed to respond to medical treatment. 

tR=Responded to medical treatment. 
poor risk patients. This comparison should 
have particular significance since the post- 
operative mortality was 9.3 per cent in the 
group A, good risk patients, compared to 
nearly 40 per cent in group B, poor risk 
patients. Table XII presents the comparison. 
Note the relatively large number of patients 
having 3+ and 4+ cephalin flocculation 
classified in the good risk column: patients 
for the most part who had posthepatitis 
cirrhosis. It is informative to note that the 
average bromsulfalein retention 14 hour after 
injection is 21.1 per cent in the good operative 
risk group A cases. Taking this figure into 
consideration with the figure of 25.8 per cent 
bromsulfalein retention, average for the 74 
living cases of cirrhosis being followed (see 
Table IX) would seem to indicate that brom- 
sulfalein retentions up to between 20 and 25 
per cent have little effect upon operative risk. 

We adopted early a relatively broad basis 
of acceptance of cirrhosis cases for operation 
part passu with improvement in surgical 
management as is evidenced by the almost 
equal numbers of patients in the good risk 
and poor risk groups. Whereas, such a policy, 
over the years, obviously cancels out any 
percentage-wise reflection of improvement in 
surgical management, there have resulted two 
substantial groups of shunted cirrhosis cases 
for comparative analysis and follow-up study. 


As would be expected in the poor risk group 
shown in Table XII approximately half of the 
patients had intractable ascites in contrast to 
only 5 of the 64 cases (7.8 per cent) in the good 
risk group. It is primarily among this group 
of poor risk cirrhotics having intractable 
ascites that attempts at surgical intervention 
are accompanied by considerable risk. On the 
other hand, it is becoming equally well 
recognized by the internist that the onset of 
intractable ascites with repeated paracentesis 
marks a point of diminishing return from 
medical management: progressive impairment 
of liver function is the inevitable result of the 
vicious circle of chronic protein depletion. 

It is an observed fact that portal hyper- 
tension can be an important factor in the per- 
sistence of ascites in cirrhosis cases and that 
portacaval shunting will relieve ascites in 
those treatment failures with unmistakable 
evidence of portal hypertension. 

As further evidence of the importance of 
portal hypertension as a factor in the per- 
sistence of ascites is the fact that intractable 
ascites can occur in patients having remark- 
ably good liver chemistry values, as for 
example, the 5 patients listed in Table XII 
as good operative risk group A cases. It is 
agreed that in these 5 cases sodium retention 
was an important co-factor with portal hyper- 
tension in the persistence of ascites, yet cor- 
rection of the portal hypertension by portaca- 
val shunting promptly relieved the ascites. 

The natural history of cirrhosis of the liver 
has taught us to expect a considerable vari- 
ability of behavior in accordance perhaps with 
a variability of the degree of initial liver dam- 
age, and in certain types of cirrhosis apparent- 
ly the occasional recurrence of active hepatitis. 

Whereas, the modern medical dietary regi- 
men has been of great value in the treatment 
of cirrhosis, there are patients in whom the 
pathological process does not appear to be 
favorably affected over a sustained period. 
Many such cases as the result of a failing liver 
develop intractable ascites, primarily the re- 
sult of altered water metabolism, sodium re- 
tention, and serum albumin depletion in spite 
of thorough treatment. Such patients are end 
stage cirrhotics and at best have but a few 
months to live. 
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Our concern is with that sizable group of TABLE XIII.—ONE MONTH TO 7 YEAR SURVIVALS 
cirrhotics who respond to medical manage- IN 130 SHUNTED PATIENTS (40 EXTRA- 
ment for a time only to develop ascites con- HEPATIC, 90 INTRAHEPATIC) 
currently with the development of portal 
hypertension, as evidenced by hemorrhage or 





Survival, years | No. of patients | No. of deaths No. alive 





: , 
the presence of esophageal varices as demon- *t*ahepatic - 


I mo.—I 


strated by x-ray examination. It is this group | 


° 





° 





that should be evaluated early for shunting. A 
good percentage of these patients if referred | 
early for evaluation for shunting will be found | 
to have bromsulfalein retentions 14 hour after 
injection of under 30 per cent. When put at | 
rest on balanced studies with restriction of 
sodium to less than 1 gram daily, correction of Total 
anemia and repletion of proteins by trans- Intrahepatic 
fusions and human albumin, if necessary, *“°" 
many of these patients, after 2 or more weeks, a 
will begin to move water, excrete sodium, and 19 
stabilize the shift of albumin. It is at this 16 
point of progress that one can get a true value 9 
of the liver’s ability to make albumin in a 2 
given case. If the serum albumin stabilizes 1 : 
around 3.3 to 3.5 grams per cent, other liver 73 pe mesa 7a (82.2%) 
function values being equally favorable, the 
risk of shunting is not excessive. Once the fulness. Our oldest follow-up patient is an 
shunt is successfully accomplished with the ascites patient now 7 years since the establish- 
correction of the portal hypertension and ment of a portacaval shunt. There is a great 
the ascites, there is a good likelihood that spread of cases of cirrhosis with intractable 
the patient’s liver will again respondunder the ascites correctable by shunting between the 
favorable aegis of modern medical dietary average liver chemistry values listed for the 
management. good risk group A cases and the poor risk 
Patients having ascites are grateful for group B cases listed in Table XII. It is our 
relief and are frequently rehabilitated to use- opinion that shunting has a role of increasing 


9 
8 
























































TABLE XIV.—FOLLOW-UP DEATHS IN 130 PATIENTS 





Extrahepatic | Intrahepatic 





Cause of death 
Small 
veins 


Small 
veins 


Spleno- 


renal Portacaval 


Portacaval 





Gastrointestinal hemorrhage 2 —_ 2 —- 





Liver failure a= — a 4 _ 





Gastric ulcer — — _ = aa 
1 infarc. 
1 bleeding 





Purulent meningitis ss 





Pulmonary embolus I 





Cerebral hemorrhage - 





Polycystic kidney (uremia) 2 





Hemocromatosis 





Follow-up deaths 
































Follow-up mortality (per cent) 
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importance in this sizable group of cases with 
ascites complicated by portal hypertension. 
In going over the case histories of our series of 
group B cases, we are impressed by the large 
number of cases in whom unmistakable evi- 
dence of severe portal hypertension had 
existed for a year or more. It is obvious that 
further liver deterioration had occurred as a 
result of this delay in many cases. Therefore, 
we make a strong plea that such cases should 
be evaluated early for shunting. 

Table XIII enumerates the 1 month to 7 
year survivals in 130 shunted patients 
divided in accordance with the site of portal 
bed block. 

Table XIV lists the causes of death in 
patients who died during follow-up. 


SUMMARY 


In reporting on 160 cases of portal hyper- 
tension in whom portacaval shunts were 
established, evidence was presented correlat- 
ing the reduction in portal pressure with re- 
duction in size of esophageal varices and the 
prevention of hemorrhage. 

Factors affecting the maintained patency of 
shunts were discussed. Either the portal or 
splenic veins have proved to be of adequate 
size in the establishment of portacaval shunts 
regularly to protect patients against the re- 
currence of hemorrhage. By employing the 
suture technique, there were but 3 failures in 
46 patients (6.5 per cent) when the portal 
vein was used and 6 out of 52 cases (11.5 per 
cent) when the splenic vein was used for 
shunts. 

The operative risk of portacaval shunting 
was discussed in terms of the normalcy of the 
liver as follows: 

In 43 patients having portal hypertension 
secondary to extrahepatic portal block in 
whom the livers were normal, there were 3 
postoperative deaths (6.9 per cent); whereas, 
in 117 cases of cirrhosis of the liver the opera- 
tive mortality was 21.9 per cent. But, classi- 
fying the 117 cirrhosis patients into two 
groups, on the basis of liver chemistry values 
and clinical factors, in accordance with degree 
of operative risk, the results were as follows: 


group A, good risk patients, 64 cases (55 per 
cent), in whom the operative mortality was 
9-3 per cent; group B, poor risk patients, 53 
cases (45 per cent), in whom the operative 
mortality was 39.9 per cent. Combining the 
43 good risk patients belonging to the extra- 
hepatic portal block group with the 64 cirrhosis 
cases classified as good operative risks adds 
up to 107 cases or 66.8 per cent of the entire 
series of 160 cases. There were 9 postoperative 
deaths in the 107 cases, which represents a 
postoperative mortality rate of 8.4 per cent 
for two thirds of the entire series. 

In the 117 cirrhosis cases averages of the 
liver chemistries of the 64 good risk group A 
patients were compared with those of the 53 
poor risk group B patients. The incidence of 
intractable ascites was found to be 8 per cent 
in the good risk group A cases compared to 50 
per cent in the poor risk group B patients. 

The evaluation for shunting in patients 
with ascites having unmistakable evidence of 
severe portal hypertension was discussed. 

Follow-up survivals up to 7 years since 
operation are g5 per cent for cases of portal 
hypertension due to extrahepatic portal block 
and 82 per cent for the intrahepatic block, 
cirrhosis cases. 


CONCLUSION 


Evidence has accumulated from analysis of 
160 patients having portal hypertension in 
whom shunts were established that the 
primary role of portacaval shunting is as 
follows: (1) to protect patients from untimely 
death due to hemorrhage; (2) to protect livers 
in cirrhosis cases from the deleterious effects 
of recurring hemorrhage and wasting ascites 
thus affording an opportunity for healing and 
regeneration of liver parenchyma under the 
favorable influence of modern medical man- 
agement. 
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THE INFLUENCE OF ANESTHESIA, OPERATION, AND 
OBSTETRICAL DELIVERY UPON PATIENTS WITH 
ADRENAL CORTICAL INSUFFICIENCY 


HERMAN SCHWARTZ, M.D., WILLIAM S. DERRICK, M.D., and 
E. M. PAPPER, M.D., New York, New York 


HE serious nature of the clinical syn- 

drome associated with adrenal cor- 

tical insufficiency has been recognized 

since Thomas Addison described this 
disease in 1855. An acute addisonian crisis, 
with its associated nausea, vomiting, dehydra- 
tion, vascular collapse and coma, may end in 
death despite vigorous therapeutic measures 
designed to correct the fundamental physiolog- 
ical disorders of this lesion. Clinical crisis may 
be precipitated even by the slight stress of a 
mild infection, depressant drugs, and anes- 
thesia and operation. 

Vascular collapse may occur during inter- 
current disease despite apparently adequate 
control of water, electrolyte, and carbohydrate 
metabolism by hormonal and salt replace- 
ment therapy. A possible explanation, in part 
at least, of the vulnerability of the patient 
with adrenal cortical insufficiency was sug- 
gested by Perera who compared certain 
pharmacodynamic responses in adequately 
treated patients with Addison’s disease and in 
patients without disease of the adrenals (12). 
The reactions of these two groups to acetyl- 
beta-methylcholine were observed. Qualita- 
tively the responses were similar but quan- 
titatively the differences were striking. He 
suggested that in patients with Addison’s 
disease there is a defect in the response of the 
autonomic nervous system which may con- 
tribute to the inability of the patient to react 
normally to altered environmental conditions 
or minor stimuli. 

The reluctance to subject these patients to 
the strain of anesthesia and surgery or labor 
and delivery has been pronounced. In 1929 

From the Department of Anesthesiology of the College 
of Physicians and Surgeons, Columbia University, and The 
Anesthesia Service of the Presbyterian Hospital, New York, 


N. Y., and from the Department of Anesthesiology, the Peter 
Bent Brigham Hospital, Boston, Mass. 


Snell and Rowntree maintained that the risk 
of surgical procedures is prohibitive for the 
patient with Addison’s disease and should not 
be assumed. In 1933 Greene, Waters, and 
Rowntree reported 15 cases in which surgery 
was performed resulting in the death of 11 
patients. Of the 4 who survived, operation 
included drainage of a lumbar abscess, excision 
of cervical nodes, tonsillectomy, and epididy- 
mectomy and orchidectomy. The last patient 
mentioned was anesthetized with procaine in- 
filtration and represents the first operative 
survival following such a procedure known to 
these authors. Included among the procedures 
causing death are such relatively minor oper- 
ations as cystostomy, hermorrhoidectomy, 
orchidectomy, and epididymectomy. 

Fitz-Patrick in 1922 reviewed the literature 
and reported 11 cases of pregnancy in which 
Addison’s disease coexisted. All of these pa- 
tients died during pregnancy or shortly there- 
after. In the case he reported the patient 
developed an acute crisis but managed to 
survive. This was the first such survival 
reported. 

In the past two decades with the advent of 
specific hormone therapy for adrenal cortical 
insufficiency, a larger number of survivals fol- 
lowing operation or pregnancy have been re- 
ported in the literature (14, 15, 8, 16). How- 
ever, even with improved management and 
understanding of this disease, the operative 
risk, although considerably diminished, is still 
a matter for concern (7, 11). 


DIAGNOSIS OF ADRENAL CORTICAL 
INSUFFICIENCY 


The adrenal cortex is important in regulat- 
ing many physiological functions. An im- 
portant concern to the anesthesiologist and 
surgeon is its regulation of water and mineral 
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metabolism. In the absence of the adrenal 
cortex there is an immediate and striking in- 
crease in the urinary excretion of sodium 
chloride and water, whereas potassium excre- 
tion is decreased. The result is dehydration, 
hemoconcentration, a decrease in the serum 
sodium chloride, an increase in serum potas- 
sium, weight loss, and hypotension. The re- 
duction in plasma volume and extracellular 
fluid may be very great (18). 

The heart size in these patients is diminished 
and an abnormal electrocardiogram with 
prolonged P-R and Q-T interval, low voltage 
QRS, and low or inverted T waves is seen. 
McGavack measured the heart sizes of a 
group of patients with adrenal cortical in- 
sufficiency and found an average reduction of 
16.1 per cent in 3 patients who had Addison’s 
disease without crisis and 31.9 per cent in 5 
patients during crisis (9). The blood volumes 
were restored to normal by the administration 
of sufficiently large quantities of sodium 
chloride and water, but the heart volume did 
not return to normal unless adequate amounts 
of adrenocortical hormones were also supplied. 

Other physiological functions affected are: 

Carbohydrate metabolism. This is evidenced 
by a diminished concentration of glucose in 
the blood and a greatly reduced glycogen 
content of liver and muscle. These changes 
are probably due to a decreased rate of glu- 
coneogenesis. Signs and symptoms of hypo- 
glycemia may appear. 

Pigment metabolism. Hyperpigmentation 
due to increased deposition of normal melanin 
in the skin and mucous membranes is common. 

Lymphoid morphology. Generalized lymph- 
oid hyperplasia and an increase in circulating 
lymphocytes are frequently seen. Eosinophils 
may also increase but usually remain in the 
normal range. 

Temperature regulation. This function is im- 
paired. Patients cannot make completely 
adequate adjustment to either hot or cold 
environments. 

Basal metabolic rate. The basal metabolic 
rate is reduced to minus 10 to minus 20. 

Miscellaneous. Other signs and symptoms 
include nausea and vomiting, diarrhea, low 
urinary 17-ketosteroid excretion, an increase 
in blood nonprotein nitrogen, and radiological 


evidence of healed or active tuberculosis. Ad- 
dison’s disease should be suspected strongly 
in patients with tuberculosis of the genito- 
urinary tract. 


ANALYSIS OF CASES 


Since Addison’s disease is relatively rare, 
the experience of two large institutions was 
surveyed to obtain records of as many patients 
subjected to anesthesia and operation as pos- 
sible. Accordingly, a review of the patients 
with Addison’s disease at the Presbyterian 
Hospital in New York and the Peter Bent 
Brigham Hospital in Boston was completed 
for the last two decades. Both institutions at- 
tract a relatively large number of addisonian 
patients because of the extensive interest in 
adrenal cortical insufficiency in their respective 
departments of medicine. 

Since 1932 approximately 185 patients with 
adrenal cortical insufficiency were treated at 
the Presbyterian Hospital in New York City. 
Of this number only 11 underwent anesthesia 
for 14 operative procedures or obstetrical de- 
liveries. Dental extractions or desoxycorti- 
costerone acetate (DCA) pellet implantations 
were not included in the consideration of sur- 
gical procedures. Pertinent details are sum- 
marized in Table I. 

At the Peter Bent Brigham Hospital in 
Boston 8 patients received anesthesia for op- 
erations over a similar period of time (Table 
II). 

A total of 23 anesthesias were given to 19 
different patients for 22 different operations. 
Three of these patients were operated on 
twice. One had to be anesthetized two times 
since marked hypotension developed during 
the first induction of anesthesia and the oper- 
ation was postponed for a week. There were 10 
males and 9 females ranging in age from 12 to 
59 years, with an average age of 36 years. The 
length of time these patients had known adre- 
nal cortical insufficiency varied from 3 months 
to 6 years, with an average of 25 months. Five 
of these patients did not have a diagnosis of 
Addison’s disease prior to operation (Cases 1, 
3, 14,17, and 18A). Of these, 1 patient (Case 
3) expired during operation 55 minutes after 
anesthesia was begun, 2 patients (Cases 1 and 
17) died following postoperative circulatory 
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collapse, and 1 patient (Case 18A) required a 
postponement of surgical intervention because 
of uncontrollable hypotension during anesthe- 
sia. The fifth case (Case 14) suffered a post- 
operative collapse but recovered. 

Other abnormal findings preoperatively in- 
cluded hypotension, low serum sodium, hypo- 
glycemia, and mild secondary anemia. Six 
patients had tuberculosis, 1 suffered from pul- 
monary emphysema, and 1 from hypothy- 
roidism. Two patients came to surgery for a 
therapeutic interruption of pregnancy ; another 
had 2 normal spontaneous deliveries 30 
months apart; and 1 had a cesarean section 
for a full term pregnancy necessitated by 
cephalopelvic disproportion. 

The specific medication administered as 
treatment for adrenal cortical insufficiency 
prior to anesthesia and operation varied. Ten 
patients were given DCA or adrenal cortical 
extract, together with sodium chloride, for 
some time prior to their admission to the hos- 
pital or immediately prior to operation or de- 
livery. Four were maintained on DCA or 
adrenal cortical extract alone, 1 on salt alone, 
and 1 received adrenocorticotrophic hormone 
(ACTH) alone. Six patients did not receive 
any specific medication, of whom 5 were un- 
diagnosed and have been discussed. The 
specific hormone therapy in Case 19 was un- 
known. Addison’s disease was diagnosed 1 
year prior to tonsillectomy. 

The preanesthetic medication of most pa- 
tients did not vary markedly from normal 
individuals except that the doses were smaller. 
Eleven patients received morphine sulfate or 
meperidine (demerol) with scopolamine or 
atropine; one was given codeine and atropine; 
3 received a barbiturate and a belladonna 
drug; 1 was given seconal alone; 7 received 
only a belladonna drug. The use of morphine 
sulfate has been criticized for patients with 
Addison’s disease (2, 18). Of the 5 patients 
who received this drug preoperatively, 3 ex- 
pired, but these 3 were unknown addisonian 
patients at the time of operation and had not 
been prepared with adrenal cortical deriva- 
tives or sodium chloride. One patient who 
received morphine sulfate had an uneventful 
recovery, in spite of the fact that she had not 
had specific hormone preparation. 
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The anesthetic agents used varied. Ten 
patients were given ether, 8 cyclopropane, 1 
thiopental sodium and nitrous oxide, and 4 
were operated upon during local or regional 
block. The analysis of the physiological 
changes that occurred during anesthesia or in 
the postoperative period demonstrates little 
relationship between the anesthetic agent em- 
ployed and complications which arose. These 
data are presented in Tables III and IV. 


COMPLICATIONS AND SEQUELAE 


Deaths. Three deaths occurred (Cases 1, 3, 
and 17). These were all in patients anesthetized 
with ether. However, not 1 of these patients 
received specific hormone therapy either prior 
to or during operation. 

Hypotension. Hypotension occurred in 14 
instances during anesthesia or in the post- 
operative period. It happened with propor- 
tionately the same frequency regardless of the 
anesthetic agent used. This complication was 
by far the most frequently seen and may be the 
result of inadequate specific hormone therapy. 
Hypotension occurs suddenly and must be 
treated promptly since it is presumptive 
evidence of an impending addisonian crisis. 

Successful therapy consisted of the adminis- 
tration of large amounts of water soluble 
whole adrenal cortical extract intravenously 
and whole blood or plasma in order to main- 
tain an ample supply of cortical hormone 
throughout the operation and in the post- 
operative period. A useful clinical index of 
adequate hormonal treatment is the mainte- 
nance of a satisfactory blood pressure. 

Fluid retention and pulmonary edema. Over- 
dosage and excessive therapy can occur. Fluid 
retention, pulmonary edema, and cardiac de- 
compensation may result. This is especially 
true if DCA and sodium chloride are used in 
excessively large amounts preoperatively, dur- 
ing anesthesia, and postoperatively. Hyper- 
tension alone occurred once during anesthesia 
with cyclopropane (Case 11B). Since it disap- 
peared postoperatively, the high blood pres- 
sure may have been associated with the in- 
fluence of the anesthetic agent and the man- 
agement of anesthesia. 

In 2 cases (Cases 6 and 8B) fluid retention 
with evidence of congestive heart failure ap- 
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TABLE I.—SUMMARY OF PATIENTS WITH ADDISON’S DISEASE ANESTHETIZED AT 
THE PRESBYTERIAN HOSPITAL, NEW YORK (1932-1950) 








Immediate 
reason for 
operation 


Duration 
of Ad- Other 
dison’s diseases 
disease 


Blood 
Pre- 

urea 
oper- 
ative N 
blood 


pressure 


Blood Specific 

medication 
fore 

anesthesia 


Serum 
N 


a 
mEq./ 
L. 


Serum 
K 
mgm. 


per 
cent 


mEq./ 
L. 





? Tbe. of kidney, 


The.-testis, 
chronic pulm. tbc. 


epididymis 


106 None 


52 


75 





None Fistula in ano 


DCA 


06 
— NaCl 


60 





Chronic pulm. tbe. | Red degeneration 
of fibroids, 
rupture of cystic 


ovary 


90 None 


60 





None Abscess of thigh 


98 
7°O 





Term pregnancy Cephalopelvic dis- 
roportion; 
emorrhage from 

wound 


150 


ad Lipoextract 





Hemorrhage 
from wound 


150 Lipoextract 





3 mo. pregnant 


NaCl 
Lipoextract 





2 mo. pregnant 


Percorten 





Term pregnancy 


DCA, lipo- 
extract, per- 
corten 

NaCl 





Term pregnancy 


DCA, NaCl, 
lipoextract 





Pulm. tbe. Appendicitis 


DCA, NaCl, 
lipoextract 





Need for sub- | 
mucous resectio 


Frequent upper 
respiratory in- 
fection 


None 





Tbe. Pyelitis 





NaCl 





The. Sinus tract flank 

















DCA, NaCl 


























peared postoperatively and cleared when the 
dosage of DCA was diminished or administra- 
tion completely stopped for a few days. Both 
of these cases received large doses of DCA, 
lipoextract, and sodium chloride preoper- 
atively. These medications were continued 
into the immediate postoperative period. 


Case 6 developed edema of the legs 30 hours 
after operation. The salt was discontinued 
and the dose of DCA diminished. Since her 
serum potassium was found to be low (2.3 
milliequivalents per liter), 1.5 grams of potas- 
sium salt was added to the diet on the fol- 
lowing day. These measures resulted in ab- 
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TABLE I.—SUMMARY OF PATIENTS WITH ADDISON’S DISEASE ANESTHETIZED AT 





THE PRESBYTERIAN HOSPITAL, NEW YORK (1932-1950)—Continued 





Premedication 


Operation 


Type of 
anesthesia 


Time of 
anesthesia 


Changes 
during. 
anesthesia 


Medication 
during 
anesthesia 





Postoperative results 





2-27-33 


M.S., 15 mgm. 
Atrop.,0.4 
mgm. 


Orchidectomy, 
epididy- 
mectomy 


GOE 


27 min. 


None 


None 


Next day: weakness, disorientation; 
hypotension; (B.P. 70/40) died 2 
wks. later in Addisonian crisis 





5-17-39 


Cod., 60 mgm. 
Scop., 0.6 
mgm. 


Excision fistulo 
in ano 


GOE 


50 min. 


None 


None 


Uneventful recovery 





10-14-40 


M.S., 12 mgm. 
Atrop., 0.4 
mgm. 


Supracervical 
hysterectomy) 


GOE 


55 min. 


Expired 55 
min. after 
anesthesia 
begun 


Saline 500 c.c. 


Died on operating table 





Scop., 0.3 
mgm. 


1 & D of thigh 
abscess 


Ether 
OD 


None 


57% dextrose in 
saline 


Hypotension (BP 52/40) successfully 
treated by shock position 





Scop., 0.3 
mgm. 


Cesarean 
section 


Cyclo- 
propane 


None 


Blood 500 c.c. 


B.P. Stable. Developed bleeding from 
wound. Treated with 500 c.c.of blood 





Demerol, 50 


mgm. 
Scop., 0.3 mgm. 


Hemostasis, 
closure of 
wound 


Cyclo- 
propane 


None 


None 


Wound explored 1st day postoper- 
atively. Fever for ro days (endo- 
metriosis) 





Demerol, 50 

mgm. 
Scop., 0.6 
mgm. 


Supracervical 
hysterectomy 


Cyclopro- 
pane 


Hypotension, 
BP, 75/s0 


Blood, 1000 c.c. 
5% dextrose in 
saline, 800 c.c. 


Complete recovery 


Leg edema due to excessive adreno- 
cortical hormone therapy. Stopped 
salt, cut down DCA, stabilized in 2 
days 





Demerol, 50 
mgm. 


Scop., 0.5 mgm. 


D&C 


Cyclopro- 
pane 


Hypotension, 
BP, 96/79 


Blood, 500 c.c. 


Hypothermia; temperature of 96°; 
hypotensive-BP, 82/48; successfully 
treated with intravenous fluids 





None 


Vaginal de- 
livery with 
episiotomy 


Cyclo- 
propane 


None 


Scop., .4 mgm. 
Blood, 500 c.c. 


Uneventful recovery 





Demerol, 50 

mgm. 
Scop., 0.3 
mgm. 


Vaginal de- 
livery with 
episiotomy 


Cyclo- 
propane 


Blood, 500 c.c. 


Pulm. congestion, cardiac enlargement, 
edema peripherally for 5 days due to 
excessive ACH therapy; receded when 
extracts discontinued 





Demerol, 50 

mgm. 
Scop., 0.3 
mgm. 


Appendec- 
tomy 


Paraver- 
tebral 
block 
procaine 
ponto- 
caine 


Blood, 500 c.c. 


Uneventful recovery 





1-30-50 


M.S., 9 mgm. 
Scop., 0.4 
mgm. 


Submucous 
resection 


Pentothal, 
N20-O2 


50 min. 


None 


Uneventful recovery; begun on DOCA 
and NaCl 





1-16-50 


M.S., 12 mgm. 
Scop., 0.4 
mgm. 


Nephrectomy 


Cyclo- 
propane 


Hypotension, 
BP, 80/50 


Blood, 500 c.c. 


Hypotension (BP, 76/60); successfully 
treated with lipoextract, blood and 
5% dextrose in saline i.v. 





II-3-50 





Demerol, 75 


mgm. 
Scop.,0.4mgm. 





Excision sinus 
tract flank 


Cyclo- 
propane 








Hypertension, 
BP, 150/100 








5% dextrose in 
water, I50 c.c. 





Uneventful recovery 





sorption of the edema in 48 hours. Case 8B 
exhibited pulmonary congestion, cardiac en- 
largement, and peripheral edema postoper- 
atively which lasted 5 days and receded only 
when all adrenal cortical hormone therapy 
was stopped. 

Goodof and MacBryde reported that hearts 
of patients with Addison’s disease are small 


and exhibit brown atrophy. They have a poor 
reserve and there is electrocardiographic evi- 
dence of myocardial damage ina large percent- 
age of the cases. In crisis large amounts of 
sodium chloride, water, and DCA are given. 
The volume of blood plasma is increased be- 
cause of the retention of sodium chloride. The 
sudden addition of a greatly increased load 
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TABLE II.—SUMMARY OF PATIENTS WITH ADDISON’S DISEASE ANESTHETIZED AT 
THE PETER BENT BRIGHAM HOSPITAL, BOSTON (1944-1950) 











ration 





Di 
of Ad- 
dison’s 
disease 





Other diseases 


Immediate reason 
for operation 


Blood 
sugar 
mgm. 


Serum 
oy 

mEq. 
L. 


Serum 
K 
mEq./ 
L. 


Urea 
Hb. 

N gm. 
per 
cent 


Preoper- 
ative 
blood 

pressure 


mgm. 
per 
cent 


per 
cent 





I yr. 


Pulm. tbc. 


Renal tbc. 


160 to 87 15.8 


Ito 





Appendicitis 


108 
74 


Percorten, 
eschatin, 
plasma 





None 


? Cerebellar tumor 


None 





Pulm. tbc. 


Appendicitis 


Eschatin, NaCl 





Hypothyroidism 


Sclerosing he- 
mangioma arm 


DOCA, comp. 
E (thyroid) 





Pulm. emphysema 


Adenoca. rectum 


None 





None 


Pituitary tumor 





None 











Tonsillitis 






































may cause circulatory failure and death. 
Much potassium is also excreted and theserum 
potassium becomes low. This ion is necessary 
for the normal functioning of the heart. In a 
patient who died in failure, the postmortem 
findings in the cardiac muscle were similar to 
those seen in potassium deficiency. They, 
therefore, suggest use of normal amounts of 
potassium (4 to 5 grams per day) while the 
patient is under specific therapy for adrenal 
cortical insufficiency. McGavack also advo- 
cates replacement of potassium (10). 

Currens and White found that electrocardio- 
graphic changes in patients who suffered con- 
gestive heart failure from excessive DCA ther- 
apy were similar to the changes associated 
with low serum potassium. The congestion 
occurred without hypertension and responded 
well to digitalization. They suggested the use 
of digitalis for the control or prevention of 
congestive failure. Added potassium to the 
diets of patients receiving large amounts of 
DCA was also advocated. To determine 


whether DCA is used in excessive dosage, 
serial electrocardiograms become important in 
following the patient. 

Perera, Knowlton, Lowell, and Loeb stud- 
ied the effects of DCA and sodium chloride on 
the blood pressure and blood volume in pa- 
tients with Addison’s disease (13). Salt alone 
over a period of months did not cause any 
hypertension. The plasma and total blood 
volumes remained normal. In those patients 
who were given DCA over a period of 1 to 
2 years, hypertension frequently appeared. 
The blood pressure levels bore no relationship 
to the minimal peripheral edema seen. The 
ion, plasma, and total blood volume were 
normal and there were no cardiovascular signs 
of failure. They suggested that DCA prob- 
ably acts to constrict the peripheral vascular 
system directly or indirectly. In contrast to 
this, rapid cardiac dilatation and failure may 
develop from excessive DCA and salt in the 
treatment of crisis. In this group no hyper- 
tension appears. 
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TABLE II.—SUMMARY. OF PATIENTS WITH ADDISON’S DISEASE ANESTHETIZED AT 
THE PETER BENT BRIGHAM HOSPITAL, BOSTON (1944-1950)—Continued 





Changes 
during 
anesthesia 


Medication 
during. 
anesthesia 


Premedication Operation aneee x Fh an he Postoperative results 





Phenobarb., 

100 mgm. 
Atrop., 0.6 
mgm. 


Nephrectomy | Ether 105 min. 
OD 


Hypotension 


Plasma, 50 c.c. | Uneventful recovery 
Eschatin, 5% 
dex. saline 


1500 C.c. 





Appendectomy] Local 
procaine 


None 


Hypotension 
BP 82/64 


ee. 
Plasma, 325 c.c. 
50% dextrose 

50 C.c. 


Uneventful recovery 





Avertin 
ether 


Atrop.,0.3 Bilat. burr 


105 min. 
mgm. holes 


None 


None Marked hypotension; treated success- 


fully with percorten 





Appendectomy| Cont. 60 min. 
spinal, 


procaine 


Seconal, 
100 mgm. 


Hypotension 


Eschatin, 


0 Uneventful recovery 
albumin 





Local 
procaine 


Excision 
hemangioma 
arm 


None 


None 


None Uneventful recovery 





Pent. 
ether 


Resection of 


M.S., 1omgm. on of 
rectosigmoid 


Atrop.,0.4 
mgm. 


Hypotension 
BP 70/50 


Blood, rooo c.c. | Treated with eschatin; neosynephrin; 
5% dext./water fluid intravenously; died 3rd postop. 
2000 €.c. day 





Nembutal, 
100 mgm. 

Atrop., 0.4 

mgm. 


Postponed 
hypotension 


Pent. 
ether 


Hypotension 
BP 70/50 


Blood, 500 c.c. 

5% dext./water 
1000 C.c. 

Eschatin 


Hypotension successfully treated with 
blood; ACTH, operated 1 week later 





Pent. 
ether 


Frontal crani- 
otomy partial 
removal 
pituit. tumor 


Atrop., 0.4 
mgm. 


12-13-48 


Hypotension 
BP 90/50 


Blood, 1000 c.c., | Uneventful recovery 
eschatin, ACTH 

5% dext./water 
1300 C.Cc. 





Nembutal, Ether 
100 mgm. 


Atrop.,0.4 mgm. 


11-16-50 Tonsillectomy 

















? Uneventful recovery 











COMMENTS AND CONCLUSIONS 


A group of 19 patients with adrenal cortical 
insufficiency who were anesthetized 23 times 
for operation or obstetrical delivery has been 
presented. An effort was made to determine 
if any specific anesthetic agent or method of- 
fered any advantages or disadvantages in Ad- 
dison’s disease. It must be borne in mind that 
this is a relatively rare condition and that 
clinical experience in anesthesia for these pa- 
tients has been infrequent. The number of 
cases presented is small so that any generaliza- 
tions can be made only with difficulty and 
with reservations. 

Most of the patients were anesthetized with 
cyclopropane (8 cases) or ether (10 cases). A 
small number received regional or local blocks 
(4 cases), and 1 was given thiopental intra- 
venously with nitrous oxide. Yet, propor- 
tionately, complications occurred as frequent- 
ly in all groups. No one drug or method was 
without harmful effect. It seems that anes- 
thetic management as a whole is largely a 


matter of doing the least harm rather than the 
most good. These patients respond to the 
stress of operation and anesthesia over a nar- 
row range of compensation. Premedication 
should be minimal in dosage and with as few 
drugs as possible. Absolute precision in tech- 
nique to avoid anoxia, asphyxia, or hypoten- 
sion is mandatory. Agents or techniques 
which repeatedly produce significant falls in 
arterial pressure are inadvisable. These include 
spinal anesthesia, avertin, and profound depths 
of inhalation anesthesia. An alert watch for 
hemorrhage and excessive trauma must be 
kept because circulatory collapse is apt to be 
sudden and more severe than in normal pa- 
tients. However, prior to 1930 and the advent 
of adrenal cortical preparations for the ther- 
apy of Addison’s disease, it was most unusual 
for any of these patients to survive operation 
or obstetrical delivery. The condition of the 
3 patients who died in the group presented 
here were all undiagnosed and they received 
no specific adrenal cortical preparation before 
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TABLE III.—CLINICAL COURSE DURING. 


TABLE IV.—CLINICAL COURSE AFTER 


























ANESTHESIA ANESTHESIA AND OPERATION* 
Total |No. cases}No. cases} No. cases Total |No. cases| No. cases No. 
om » venti fal pen deaths eee ». oom pa na “wicma deatis 

Cyclopropane 8 4 3 I ° Cyclopropane 8 4 2 2 ° 
Ether 10 4 5 ° : Ether 8 4 2 ° 2 
Block 4 2 2 ° ° Block 4 4 ° ° ° 
Pentothal I I ° ° ° Pentothal I I ° ° ° 
Total No. 23 II 10 I : Total No. 21 13 4 2 2 



































their operations. The significant difference in 
the survival of anesthesia and operation by a 
patient with adrenal cortical insufficiency to- 
day depends on good medical preparation and 
intelligent replacement therapy with adrenal 
cortical extracts, sodium chloride, dextrose, 
and water to bring a diminished circulating 
blood volume back to normal and combat de- 
hydration and hypoglycemia. During oper- 
‘ ation and anesthesia, the need for adrenal 
cortical hormone by the body appears to be 
increased. If any evidence of circulatory col- 
lapse appears, immediate therapy with intra- 
venous aqueous extracts, plasma, or whole 
blood is life saving. Postoperatively, the de- 
mand for hormone is still high and careful 
watch for the signs of crisis is imperative. 

It can be suggested, with reasonable cer- 
tainty, that surgical operation during well 
managed anesthesia may be undertaken with 
greater freedom than was hitherto considered 
possible if hormonal and salt replacement is 
conducted intelligently. 


CASE REPORTS 


The courses of 2 patients with adrenal cor- 
tical insufficiency who were anesthetized and 
operated upon are presented below. Both are 
very young children and were not included in 
the groups already discussed. 


CasE 1. L.Y., male, aged 214 years. The patient 
was admitted for tonsillectomy following frequent 
bouts of tonsillitis and upper respiratory infections. 
He had been suffering from adrenal cortical insuf- 
ficiency since 24 months of age. Treatment con- 
sisted of 12.5 milligrams of cortisone and 5 grams of 
sodium chloride daily. On admission the serum 
sodium and potassium were 117 and 6.5 milliequiva- 
lents per liter respectively. Blood pressure was 
80/60. 


*Only 21 cases are tabulated here. The 2 cases not considered were: 
(1) Case 3 who died during operation and (2) Case 18A in which oper- 
ation was postponed following uncontrollable hypotension during induc- 
tion of anesthesia. 


Following admission, cortisone was increased to 
25 milligrams per day, salt to 8 grams per day, and 
aqueous adrenal cortical extract injected intra- 
muscularly in doses of 6 milliliters twice a day. 
After 1 week of this regimen, the serum sodium rose 
to 132 milliequivalents per liter and serum potassium 
was 6.0 milliequivalents per liter. Operation was 
decided upon for the following day. 

Preoperatively the patient was given 200 milli- 
liters of 5 per cent dextrose in water intravenously 
followed by normal saline which was running when 
the patient reached the operating room. Premedica- 
tion consisted of meperidine (demerol) 10 milligrams 
and scopolamine 0.15 milligram intramuscularly at 
6:00 a.m. Anesthesia was begun at 7:10 a.m. At 
this time the blood pressure was 110/80 and the 
pulse 130. A smooth induction was performed with 
cyclopropane. Anesthesia was continued with open- 
drop ether and deepened to plane 2 of the third 
stage. At 7:45 a.m., just before the operation was 
begun, ether was insufflated into the patient’s 
pharynx. Following adenoidectomy, the patient de- 
veloped slight laryngospasm. The anesthesia was 
deepened and tonsillectomy performed without 
further complications. Operation and anesthesia 
ended at 8:20 a.m. During laryngospasm the blood 
pressure rose to 140/100. At the end of operation 
it was 110/80 and the pulse 110. 

There were no significant changes in the vital 
signs postoperatively. The patient received 325 
milliliters of normal saline intravenously during 
operation and immediately afterward. The adrenal 
cortical extract was discontinued 3 days later. The 
patient was discharged on. the fourth postoperative 
day, in good condition, on a maintenance dose of 
cortisone 25 milligrams and sodium chloride 6 grams 
per day by mouth. On the day of discharge serum 
sodium was 140 milliequivalents per liter and serum 
potassium 5.8 milliequivalents per liter. 

CasE 2. S.B., aged 2 years. This patient was a 
pseudohermaphrodite admitted on August 1, 1950 
for laparotomy for the correct diagnosis of sex. “She” 
had been suffering from adrenal cortical insufficiency 
since the age of 214 months. This was controlled 
with DCA and sodium chloride. The dosage of these 
drugs had been gradually reduced so that at the age 
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of 1 year the DCA and salt were completely 
eliminated and the patient remained well. 

No specific preparation with regard to the adrenal 
insufficiency was carried out preoperatively. On 
August 4, 1950 cystoscopy was performed during 
vinethene-ether anesthesia. The patient had been 
premedicated with seconal, 45 milligrams, and 
scopolamine, 0.2 milligram. The procedure, of 25 
minutes’ duration, and the postoperative course 
were uneventful. 

On August 8, 1950 a laparotomy was performed. 
The premedication was the same as for cystoscopy. 
Induction was performed with cyclopropane fol- 
lowed by open-drop ether. No fluids were given 
during the operation which lasted 30 minutes. A few 
hours postoperatively the patient suddenly became 
semicomatose and developed complete peripheral 
circulatory collapse. Therapy, for the addisonian 
crisis, consisted of 3 milliliters of lipoadrenal extract 
intramuscularly, a clysis of 150 milliliters of M/6 
sodium lactate and 150 milliliters of 5 per cent 
dextrose in water. A cut down was performed and 
20 milliliters of aqueous adrenal cortical extract 
given intravenously followed by 250 milliliters of 5 
per cent dextrose in normal saline and 150 miliiliters 
of plasma, with improvement. Intravenous fluid 
therapy was continued for 2 days. To the specific 
therapy of lipoextract 2 milliliters per day, DCA 2.5 
milligrams and sodium chloride 5 grams per day were 
added on the second day. Three 150 milliliter whole 
blood transfusions were given on the third, fourth, 
and fifth day postoperatively. The patient improved 
continuously and was discharged in good condition 
on the fifteenth postoperative day receiving 2.5 
milligrams DCA and 5 grams salt daily. 


These 2 cases demonstrate the sharply con- 
trasting postoperative results which may be 
obtained in patients with adrenal cortical in- 
sufficiency. Proper preoperative hormonal and 
electrolyte preparation is absolutely essential. 
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NONOPERATIVE TREATMENT OF PERFORATED 
PEPTIC ULCER 


FREDERIC W. TAYLOR, M.D., and HERBERT L. EGBERT, M.D., Indianapolis, Indiana 


ECENT reports in the literature have 
suggested the safety of nonoperative 
treatment in ruptured peptic ulcer. 
These reports have been uniformly 

enthusiastic. Those from England (2, 4, 5, 9, 
11) suggest that a new era in the treatment of 
this condition has been reached. Others, in- 
cluding those from this country (1, 3, 8, 10), 
warn against the general acceptance of such 
“conservative” therapy but in the same 
breath report results seldom equaled by oper- 
ative means. They vary from zero mortality 
(8) in a consecutive series of 34 patients to 10 
or 15 per cent in smaller groups (9, 11). The 
mortality for approximately 100 reported 
cases (including this series) has been about 5 
per cent. 

Certainly many will seek to duplicate these 
excellent results. None can deny that there is 
some merit in nonoperative treatment of rup- 
tured peptic ulcer, but just how far the trend 
should be carried is still an open question. 

The reports mentioned are to some extent 
misleading. They imply a safety not inherent 
in the treatment. In order to amplify this 
opinion, our own experience with this method 
should be discussed. Qualification for such 
evaluation stems from study of a series of 
cases treated without operation during the 
last 15 years. The number of patients so treat- 
ed is not great, but time has allowed the for- 
mulation of certain concepts which should be 
presented. 

The premise on which nonoperative therapy 
is based is that a perforation in the duodenum 
or stomach will seal off if the stomach is kept 
entirely empty. In fact, it frequently seals off 
with the stomach still full. We have all exper- 
ienced the necessity of actually having to sep- 
arate recent fibrinous adhesions in order to 
reach the site of perforation. Certainly nature 
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has thus sealed off more than half of peptic 
ulcer perforations by the time the surgeon at- 
tempts to make a repair. 

The most important feature of nonoperative 
care is maintaining a completely empty stom- 
ach. This is accomplished by a nasal gastric 
suction tube. Should this tube become ob- 
structed the gastric contents under pressure 
might again gush through the sealed off ulcer 
rent. It is obvious that continued suction and 
patency of the gastric tube are all important. 


SERIES NOT TREATED BY OPERATION 


Interest at the Indianapolis General Hospi- 
tal in nonoperation of ruptured peptic ulcer 
started some 15 years ago. At that time 2 
patients with perforated ulcer were admitted 
in an almost moribund state. Perforation had 
occurred more than 12 hours before. Imme- 
diate operation seemed out of the question. 
The patients received intravenous fluids and 
gastric suction was started. To this they re- 
sponded excellently and at the end of several 
hours were completely out of shock. Examin- 
ation of their abdomens indicated rigidity in 
only the upper portion. A course of watchful 
waiting was therefore pursued and both pa- 
tients continued to an uneventful conval- 
escence. 

This recovery without operation was com- 
pletely foreign to any of our surgical concepts 
up to that time. Nevertheless, it seemed to be 
a logical method of attack for those ulcers 
which had already become sealed off. In order 
to determine in which cases the ulcer had been 
closed by adhesions and in which the perfor- 
ations were still patent, it was decided to ex- 
plore the possibilities of a nonoperative ap- 
proach in an occasional favorable case. How- 
ever, it was by no means certain which cases 
might prove favorable. 

About this time Wangensteen reported a 
similar experience with 3 patients. One of 
these was lost after 2 weeks but the other 2 
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survived. A few years later Ravdin and John- 
ston reported success with 3 others. No sub- 
sequent communications were made by these 
authors and it was assumed they believed the 
method was not without fault. 

We have continued to treat an occasional 
patient without operation. There have been 24 
such cases at the Indianapolis General Hospi- 
tal and the Indianapolis Veterans Hospital. 
These did not include all the cases which were 
thought suitable. Nevertheless, all treated in 
this manner were suitable according to our 
criteria. In all 24 patients it was possible to 
make a choice as to which type of treatment 
should be carried out. No moribund patients 
whose condition precluded any thought of op- 
eration were included nor any with question- 
able diagnostic problems which might delay 
and confuse therapy. 

During this same period there were 220 
other patients with peptic ulcer admitted to 
these same hospitals who were treated by im- 
mediate surgery. The results obtained in this 
group need not enter into our present discus- 
sion. The size of the group merely indicates a 
fairly active ulcer service. 

In 20 of the 24 cases treated without oper- 
ation perforations were proved by x-ray dem- 
onstration of gas beneath the diaphragm or by 
definitive operation a few weeks later. Four 
cases are included because their history and 
course were so typical as to leave no question 
in our minds that a perforation had occurred. 
A single x-ray examination in these did not 
demonstrate subdiaphragmatic gas. 

It must be emphasized that in all 24 cases a 
choice could be made as to operation; the pa- 
tient was not too sick and the diagnosis was 
clear. They were treated as suggested with 
continuous gastric suction and according to 
the method described so well by Bertram. 

The patients of this series ranged in age 
from 28 to 80 years. They were first seen at 
the hospital from 1 hour to 72 hours after per- 
foration. Only half were seen less than 12 
hours after onset. 

Nonoperative treatment was chosen be- 
cause the perforation was thought to be sealed 
off and physical signs were largely limited to 
the upper abdomen. It is fully admitted that 
physical signs may be misleading and that oc- 
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casionally the sealing off might not have taken 
place. Acute gall bladder disease or appendici- 
tis occasionally mimic perforated peptic ulcer. 
It would seem that this failure to be sure of 
what has occurred inside the abdominal cavity 
is the chief drawback to watchful waiting. 

There were 2 deaths in the group (8.3 per 
cent). One of these was in an 80 year old man 
who died 28 days after admission with sub- 
phrenic abscess and empyema. The other was 
in a 51 year old man with a 4 day old perfor- 
ation on admission. This was watched for 2 
days. Operation at that time demonstrated a 
large walled-off abscess filled with air and 
duodenal contents. This communicated freely 
with a huge (3 cm.) perforation in the duo- 
denum which would never have closed spon- 
taneously. The perforation was sutured but 
the patient died 36 hours later. It should be 
pointed out that both these patients might 
still have died from their respective complica- 
tions even if they had been subjected to im- 
mediate operation. 

We are definitely of the opinion from a 
study of our own cases and those in the liter- 
ature that the complication of subphrenic ab- 
scess is somewhat higher in patients without 
operation. In approximately roo cases of per- 
forated ulcer not operated upon which are now 
reported in the literature (including this 
series), the complication of subdiaphragmatic 
abscess occurred 9 times. 

As a rule our patients recovered promptly. 
The gastric suction could usually be discon- 
tinued on the fourth day and often on the 
third. A Sippy or modified soft diet was usual- 
ly well tolerated by the end of the first week. 
The hospital stay was somewhat prolonged 
over patients treated with operation. (Per- 
haps this was partially to convince ourselves 
that all was well.) So far, 4 of our patients 
have had gastric resections and we expect 
these will be followed by others. In other 
words, it is not expected that there will be a 
lessened incidence of definitive surgery fol- 
lowing nonoperation over that expected after 
operative closure of perforated ulcers. 


EVALUATION 


In general our results have been satisfac- 
tory. Nevertheless, there are many deficien- 
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cies in the principle of nonoperation. Attention 
must be called to one of these which has been 
completely overlooked so far in the statistical 
recordings. 

During the time that the 24 patients were 
under observation and the 220 patients were 
operated upon for emergency closure of perfor- 
ated ulcer, another group completely escaped 
analysis. This group lies hidden in all reports 
so far made on this subject. It consists in the 
group of patients whose condition was mis- 
diagnosed or those in whom the diagnosis was 
obscure. Another group may be added to this, 
those patients admitted to the hospital in a 
moribund condition. 

In our particular “hidden group” there were 
22 patients who had perforated peptic ulcer 
not operated upon. These perforations were 
proved by x-ray examination or at autopsy in 
all but 2 cases. All 22 patients died. Nine were 
not operated upon because they were too sick 
and could not be revived sufficiently for oper- 
ation. Most of these deaths occurred at the 
Indianapolis General Hospital where large 
scale emergency blood transfusion is still an 
unsolved problem. In the remaining 13 per- 
forations operation was not performed because 
the diagnosis was obscure, often suggesting a 
medical condition or at least one not requiring 
emergency operation (coronary disease, pan- 
creatitis, cholecystitis, mesenteric throm- 
bosis). 

Here then is a group of 22 patients with rup- 
tured peptic ulcers, all of whom died without 
operation. It is fully admitted that some of 
these extremely sick patients should not and 
would not have died if sufficient blood had 
been available for treatment. This still leaves 
a sizable number of deaths from undiagnosed 
perforated ulcers. This group is not reported 
and not mentioned in the previously reported 
series. It would seem most unlikely that ours 
is the only group who encounters moribund 
patients or those with undiagnosed perforated 
peptic ulcer. 

It is difficult to know where to place this 
“hidden group” statistically. They should not 
be included with those cases which were 
known from the first to be perforated peptic 
ulcer. Nevertheless, they must appear in each 
report of cases of perforated ulcer not operated 
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upon or the true picture of the problem is lost. 
In the present report the importance of this 
group is magnified by the fact that it approxi- 
mated in number the group electively treated 
by nonoperative therapy. A better perspective 
is obtained by indicating that the “hidden 
group” constitutes 8 per cent of all peptic ul- 
cer perforations seen during the period under 
consideration. This is somewhat higher than 
current figures. Nevertheless, we must accept 
the fact that a small group of patients will die 
with misdiagnosed ulcer. 

Furthermore, it is suggested that the “‘hid- 
den group” be taken into consideration in 
evaluating the results in patients treated by 
operation as well as in those in whom oper- 
ation is omitted. It is quite unfair to report 
only those patients going through the operat- 
ing room while the pathologist may have a 
few coming from the medical or other surgi- 
cal wards. In the cases treated by operation 
at Cincinnati General Hospital reported by 
McElhinnery and Holzer, 4 per cent were un- 
diagnosed when the patients were first seen on 
the medical or psychiatric services. The num- 
ber of cases which reach the autopsy table mis- 
diagnosed or unoperated upon was not stated. 


DISCUSSION 


Observation of our relatively few patients 
has indicated some inescapable conclusions. 
We are convinced that purposeful nonoper- 
ative therapy has a definite place in the treat- 
ment of perforated peptic ulcer. The purpose 
of this discussion is an attempt to fix that 
place and to learn more of the usefulness of the 
treatment. 

There are two fundamental principles which 
govern the treatment of perforated peptic 
ulcer. The first of these is closure of the perfor- 
ation. This may be either by spontaneous or 
operative means. There is probably no partic- 
ular advantage of one type of closure over the 
other. Death from a single gush of highly irri- 
tating but relatively innocuous gastric content 
must be very rare. Death usually results from 
continued leakage and contamination result- 
ing in generalized peritonitis. Continuous gas- 
tric suction is a very important means of 
maintaining closure of the perforation and 
also of controlling distention. The second 
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principle concerns the treatment of the re- 
sultant peritonitis following perforation. This 
includes the administration of blood, electro- 
lyte solutions, and antibiotics plus measures to 
keep the gut deflated. These measures are 
fairly well standardized and require no elabor- 
ation here. They will, however, be unsuccess- 
ful if closure of the perforation has not been 
obtained. 

The recent discussions about nonoperative 
therapy have indicated the lack of necessity of 
operative intervention. These point out that 
operation is not always required and that very 
often the patient does very well without. The 
inference is made that perhaps the condition 
might well be abandoned by the surgeon. 
This is unjustified. Operation, in the patient 
with a recently perforated ulcer, may be com- 
pared to transfusion. In some cases it may be 
very definitely indicated; in others it may be 
completely superfluous. We believe it is the 
surgeon’s responsibility to decide which pa- 
tient should have operation as a therapeutic 
agent and in which one it may be safely 
omitted.. 

Taylor has indicated that patients unfavor- 
able for nonoperative treatment are those 
who have a pyloric stenosis, a gross diffuse per- 
itonitis, or who recently had a heavy meal. 
These are undoubtedly important features but 
not determining ones. 

In the cases reported the decision as to op- 
eration rested upon whether or not the perfor- 
ation seemed sealed off by limitation of signs 
of peritoneal irritation to the upper abdomen. 
This point immediately brings in the time fac- 
tor. No one can tell at the onset of perfor- 
ation if the ulcer will seal itself off or will re- 
main open. Likewise, no surgeon would 
recommend waiting to find out—immediate 
operation is too safe. 

If the patient is observed for the first 
time after 4 or 6 or more hours and if at that 
time physical signs indicate that peritoneal 
irritation is largely limited to the upper 
quadrants, with no evidence of spreading, 
then that patient can be treated safely with 
gastric suction plus the usual supportive 
measures. If there is any doubt about spon- 
taneous closure, surely exploration must be 
included in the treatment. 
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A word should be included about the oper- 
ation itself. Closure of a perforated peptic 
ulcer is an extremely simple, standardized 
procedure and requires but a short time to 
perform. When the patient’s condition is sta- 
bilized with intravenous fluids and possibly 
transfusion, there should be a minimal mor- 
tality. Therefore, we should cease consider- 
ation of the operation as the all decisive factor. 
It is a part of the treatment. In some situa- 
tions it may be all decisive but in others it is 
not. 

SUMMARY 

1. Nonoperative treatment in cases of per- 
forated peptic ulcer has recently been pre- 
sented as a safe and desirable form of therapy. 
These reports in many instances are mis- 
leading. 

2. Twenty-four patients who received this 
form of therapy are included in this report. 
There were 2 deaths. 

3. The reported cases of nonoperative treat- 
ment are in a sense selected since many are: 
(a) from military or other similar institutions, 
(b) late perforations in which recovery is al- 
ready underway, (c) selected in the sense that 
they do not include the misdiagnosed or mori- 
bund cases. 

4. The term “hidden group” has been chos- 
en for those patients who died without oper- 
ation under an incorrect diagnosis, or who 
were moribund on admission thus precluding 
consideration of any but supportive therapy. 
This group constituted 8 per cent of all hos- 
pital admissions for ruptured peptic ulcer in 
the present study. These deaths should be 
noted in the analysis of any form of ulcer 
therapy under discussion, whether it be oper- 
ative or nonoperative. 

5. A study of nonoperative treatment indi- 
cates that the operative suture of perforation 
of a peptic ulcer is not always the decisive 
factor in whether the patient lives or dies. The 
important point is closure of the perforation 
and in many cases this may be spontaneous. 
Operation may be omitted in those cases in 
which it is certain sealing off of the perfor- 
ation has occurred. 

6. Difficulty arises in determining just 
which patients require operation as a part of 
therapy. The following recommendations 
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seem justified: (a) All patients seen early with 
no indication of localization should have im- 
mediate operation. The hazard of waiting to 
see if a perforation will seal spontaneously is 
greater than the danger of operation. (b) 
Those patients seen some hours after perfor- 
ation in whom there is definite evidence that 
the perforation has been sealed off (good gen- 
eral condition, soft lower abdomen) may safely 
have gastric aspiration and supportive ther- 
apy alone. (c) Operative exploration is man- 
datory if there is doubt as to whether spon- 
taneous sealing has occurred or if the diagnosis 
is uncertain. 

7. Subdiaphragmatic abscess as a compli- 
cation seems to be definitely more frequent in 
the group not operated upon. 

8. There is no reason to believe that non- 
operation results in fewer subsequent oper- 
ations for the relief of the ulcer diathesis. 

9. Whether operation is used or not, strict 
attention must be given to treatment of the 
peritonitis and continued deflation of the 
bowel. 
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GALLSTONE ILEUS 


Report of Eight Cases 


PAUL NEMIR, JR., M.D., Philadelphia, Pennsylvania 


NTESTINAL obstruction due to gall- 
stones is rare. Although, in practically all 
cases the obstruction is simple in type, 
uncomplicated by compromise of the 

blood supply or gangrene of the bowel, the 
mortality has none the less ranged around 30 
to 50 per cent (1, 4, 6), as compared to a mor- 
tality of around 5 to 7 per cent (8) in cases of 
of simple intestinal obstruction due to other 
causes such as adhesions, strictures, carcino- 
ma, or hernia. 

While factors which contribute to this high 
mortality become apparent on further analy- 
sis of the type of patient usually having gall- 
stone obstruction, it nevertheless seems rea- 
sonable that if the physician is kept constantly 
aware of the possibility of this type of ob- 
struction, the mortality will be markedly re- 
duced. 

The purpose of this paper is to report the ex- 
perience with 8 cases of gallstone ileus occur- 
ring in the Hospital of the University of Penn- 
sylvania between December 1939 and Febru- 
ary 1951. During this period there were 549 
cases of proved mechanical intestinal obstruc- 
tion, giving an incidence of 1.4 per cent for 
gallstone ileus. This is in keeping with the in- 
cidence reported by most authors (4, 6), al- 
though some have reported as high as 4 per 
cent (1) to 6 per cent (3). 


CASE REPORTS 


Three of the patients (Table I, Cases 1, 2, 
and 3) were operated upon within 4 hours af- 
ter admission to the hospital. A representative 
case in this group follows. 


BK, Chart No. 81103, a 63 year old white female, 
was admitted to the University Hospital complain- 
ing of severe intermittent, recurrent, crampy abdom- 
inal pain, nausea, and vomiting of 4 days’ duration. 


From the Harrison Department of Surgical Research, Schools 
of Medicine, and the Surgical Clinic of the Hospital of the Uni- 
versity of Pennsylvania, Philadelphia, Pennsylvania. 


She had been severely constipated for a similar pe- 
riod of time. The vomitus had become fecal in charac- 
ter prior to admission. For the past 10 years she had 
had occasional recurrent bouts of epigastric and 
right upper quadrant pain and vomiting, excessive 
flatulence, and intolerance to fried or fatty foods. 
There was a history of jaundice during one of these 
attacks about 6 months before admission to the hos- 
pital. She was known to have hypertensive heart 
disease. She had an appendectomy at the age of 26. 

Examination on admission revealed an obese, de- 
hydrated, elderly white female who was vomiting a 
brownish, foul-smelling fluid every 15 to 30 minutes. 
The temperature was 98.6 degrees F., pulse 88, and 
the blood pressure was 166/102. Examination of the 
abdomen revealed slight distention, tenderness to 
palpation in both lower quadrants, and hyperactive 
peristalsis with occasional rushes. 

The white blood cell count was 10,100, and a sur- 
vey film of the abdomen revealed dilated loops of 
small bowel with air and fluid levels. A diagnosis of 
small bowel obstruction, probably on the basis of 
postoperative adhesions, but possibly on the basis of 
a nonopaque gallstone, was made and operation was 
carried out within 4 hours after admission, following 
the administration of intravenous fluids and the pas- 
sage of a Miller-Abbott tube. 

At operation through a right lower abdominal 
transverse incision a large gallstone 3 by 4 by 3 centi- 
meters was found obstructing the jejunum about 3 
feet below the ligament of Treitz. Palpation reveal- 
ed an inflammatory mass in the region of the gall 
bladder and care was taken to avoid breaking down 
the adhesions in this area. The bowel was opened 
longitudinally and closed transversely. Her con- 
valescence was smooth and she was discharged on 
the eighth postoperative day. She returned 2 
months later at which time a cholecystectomy, 
choledochostomy, and excision of a cholecystoduo- 
denal fistula was carried out. Convalescence was 
again smooth. 


All 3 of the patients in this group had a 
definite history of gall bladder disease. In the 
case history cited, the presence of an obtur- 
ating gallstone as the cause for the intestinal 
obstruction was considered in the preoper- 
ative diagnosis because of the previous history 
and the intermittent recurrent bouts of ob- 
struction gradually progressing to complete 
obstruction. It will be noted (Table I), that 2 
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TABLE I.—EIGHT CASES OF GALLSTONE ILEUS 








Duration of 
symptoms 


Location of 
Onset | Adm. to gallstone 

to opera- 
adm.,| tion, 
days | hours 


Procedure 


Previous 
history of 
gallbladder 
ease 


Comment 





4 4 Upper Enterotomy 


jejunum 


Subsequently had cholecystectomy, chole- Yes 
dochostomy and excision cholecystduo- 
denal fistula . 





Lower Enterotomy 
ileum 


Subsequently had cholecystectomy, chole- Yes 
dochostomy, and excision cholecystduo- 
denal fistula 





Upper Enterotomy 
jejunum 


Uneventful recovery. No further procedure} Yes 





ileum mal Witze 
enterostomy 


Lower Enterotomy, proxi- 


Recovery uneventful. No further procedure} 





Upper Enterotomy 
ileum 


Convalescence satisfactory. No further 
procedure 





Lower Enterotomy 
ileum 


Convalescence satisfactory. No further 
procedure 





Lower Enterotomy 
jejunum 


Convalescence satisfactory. No further Indefinite 


procedure 























Upper Biopsy, carcinoma 
jejunum of gall bladder 


Continued to be obstructed in postoperative] Yes 
period and died 3rd postoperative day. 
Autopsy showed gallstone obstruction 














of these 3 patients had subsequent cholecys- 
tectomies, choledochostomies, and repair of 
the cholecystoduodenal fistulas. All 3 of the 
patients were operated upon with a diagnosis 


of small bowel obstruction and in only 1 was 
the true etiologic agent considered in the pre- 
operative diagnosis. 

Three of the patients (Table I, Cases 4, 5, 
and 6) were operated upon between 20 and 40 
hours after admission. Case 6 is representa- 
tive of this group: 


AK, Chart No. 67984, a 70 year old white female, 
was admitted to the University Hospital complain- 
ing of pain in the abdomen. Seven days before ad- 
mission she had sudden, severe, abdominal pain, 
nausea and vomiting occurring in the middle of the 
night. These symptoms had continued up until ad- 
mission and had gradually increased in severity. She 
had been constipated since the onset of the pain. She 
stated that she had passed a small tarry stool 2 days 
before admission. She had a past history of intermit- 
tent, recurrent bouts of postprandial epigastric and 
right upper quadrant distress and occasional vomit- 
ing coming on usually around 1 or 2 o’clock in the 
morning. She had had a hysterectomy 16 years ago. 

Examination revealed an obese, dehydrated, elder- 
ly female complaining of severe abdominal pain. The 
temperature was 99.4 degrees F., and the pulse was 
96. There was diffuse abdominal tenderness to palpa- 
tion and rebound tenderness in epigastrium. Peristal- 
sis was physiological. White blood count was 13,000. 


Soon after admission to the hospital she began to 
vomit a fecal-like material and she was immediately 
placed on suction drainage and intravenous fluids. It 
was felt that she had a partial intestinal obstruction 
progressing to complete obstruction probably on the 
basis of adhesions or large bowel cancer. The morn- 
ing following admission, a barium enema was per- 
formed and showed no obstruction of the colon but 
did show distended loops of small intestine. A Miller- 
Abbott tube was immediately passed but the patient 
continued to vomit, decompression was not accom- 
plished, and she was operated upon 4o hours after 
admission with a diagnosis of small bowel obstruc- 
tion probably on the basis of adhesions. At explor- 
ation through a muscle splitting right midrectus in- 
cision an obturating gallstone measuring 2.5 centi- 
meters in diameter was found in the ileum 4 feet 
from the ileocecal valve. A longitudinal incision was 
made in the ileum on the antimesenteric border 
overlying the stone and the gallstone was removed. 
No attempt was made to explore the biliary area. 
The ileal rent was closed in transverse direction, and 
the abdomen was closed. Her convalescence was 
marred by a short period of disorientation, but was 
otherwise uneventful and she was discharged from 
the hospital on the twelfth postoperative day. No 
subsequent operation was performed. 


Delay between admission and operation oc- 
curred in this group for a variety of reasons. 
In the case cited, the patient was believed to 
have a large bowel obstruction, incomplete in 
nature, and only when a barium enema on the 
morning following admission revealed distend- 
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ed loops of small gut was the true nature 
known. Delay for 30 hours occurred in Case 5 
in order better to prepare the patient for op- 
eration. Roentgen examination soon after ad- 
mission had revealed small intestinal obstruc- 
tion, but the patient was severely dehydrated, 
acidotic, and had severe heart disease with 
auricular fibrillation. Appropriate parenteral 
fluids and digitalis were administered, and 
constant suction was applied through a Miller- 
Abbott tube. Operation was carried out at 


what was believed to be the earliest optimum’ 


time. In Case 4, delay for 20 hours occurred 
while trying to pass a Miller-Abbott tube. 
This maneuver was unsuccessful, the patient 
became sicker and more distended and oper- 
ation was therefore performed. 

Due to delay in diagnosis, 6 days elapsed 
between admission and operation in Case 7. 

FB, Chart No. 90225, a 62 year old white female, 
was admitted to the hospital complaining of severe 
crampy epigastric pain, nausea and vomiting, and 
constipation of 5 days’ duration. There was a history 
of indigestion for many years but no definite evidence 
of gall bladder disease. She was known to have hy- 
pertensive arteriosclerotic heart disease and dia- 
betes. 

Examination on admission revealed a severely de- 
hydrated, elderly, obese female in peripheral vascu- 
lar collapse. The temperature was 98 degrees F., and 
the pulse was 118 and of poor quality. There was 
questionable upper abdominal tenderness but no dis- 
tention and no hyperactive peristalsis. It was the 
impression after examination that she was in diabetic 
acidosis but this was not confirmed by the laboratory 
studies. The hemoglobin was 120 per cent, the white 
blood count was 19,100, the blood urea nitrogen was 
133 milligrams per cent, carbon dioxide combining 
power 43 millimols per liter, and the chlorides 74 
milliequivalents per liter. The urine sugar was nega- 
tive. She was immediately placed on intragastric 
suction and intravenous fluids and improved on this 
regimen. She did, however, continue to drain large 
amounts from the Levin tube and a barium swallow 
was performed which showed an obstruction in the 
duodenum believed probably to be due to an ulcer. 
After 3 days of further preparation with intravenous 
fluids and blood, and stabilization of her diabetes, 
she was operated upon through an upper midline in- 
cision. There were dense adhesions in the gall bladder 
area. The upper one-third of the small gut was dis- 
tended and an egg-sized gallstone was found com- 
pletely obstructing the upper jejunum. The gallstone 
was removed by enterotomy and she was discharged 
on the fifteenth postoperative day. 


The presence of further complicating fac- 
tors is demonstrated by the final case: 
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AT, Chart No. 82195, an 88 year old white female, 
was admitted to the hospital complaining of abdom- 
inal pain of some 12 days’ duration, and of nausea, 
vomiting, and obstipation of 4 days’ duration. The 
vomitus had become fecal in character and in addi- 
tion contained a few streaks of bright red blood. She 
had been admitted to the hospital 2 years previously 
complaining of inability to swallow anything for ap- 
proximately 1 year. Studies at that time revealed a 
large esophageal diverticulum, a large gallstone 
present within the gall bladder, and marked degener- 
ative changes in the spine. Because of her age and 
associated conditions it was felt that operation was 
not indicated at that time. No specific therapy was 
given. In addition, she had a large umbilical hernia 
which had been present for a period of 45 years, 
always rather easily reducible until the present 
admission. 

Examination on admission revealed a dehydrated, 
acutely ill, elderly, obese female. The temperature 
was 98 degrees F., pulse 86, and the respirations were 
20. The abdomen was slightly distended, and there 
was a tender palpable mass in the right upper quad- 
rant. In addition, there was an irreducible, slightly 
tender, umbilical hernia. Peristalsis was not obstruc- 
tive in character. Survey films of the abdomen re- 
vealed what was interpreted as a possible closed loop 
obstruction with a small amount of gas and fluid in 
one loop. The loop was thought possibly to be in the 
umbilical hernia. The umbilical hernia was manually 
reduced soon after admission, constant suction was 
applied to the stomach through a Levin tube, and 
parenteral fluids were administered. On such a 
regimen her abdominal signs disappeared except for 
the slightly tender right upper quadrant mass. 
Around 24 hours after admission, however, her signs 
and symptoms returned, and, in addition she had 
drained around 2,000 milliliters of fluid through the 
Levin tube. Her signs and symptoms progressed and 
she was operated upon around 48 hours after admis- 
sion with the diagnosis of probable acute exacerbation 
of chronic calculous cholecystitis. Upon entering the 
abdomen through a right subcostal incision a hard 
matted obviously carcinomatous mass was found to 
be present in the right upper quadrant and the liver 
was studded with many metastatic lesions. A diag- 
nosis of carcinoma, probably of the gall bladder, with 
widespread metastasis was made, a biopsy was taken 
from the liver, and the abdomen was closed. 

During the postoperative period she continued to 
drain copious amounts from the Levin tube. On the 
third postoperative day she suddenly vomited, aspir- 
ated the vomitus, had cardiac arrest, and died. At 
necropsy she was found to have complete obstruction 
of the intestine 30 centimeters distal to the ligament 
of Treitz with a large gallstone 5.5 by 4.5 by 3.0 cen- 
timeters with several smaller calculi firmly adherent. 
Other findings were a primary carcinoma of the gall 
bladder with widespread metastasis, calculous chole- 
cystitis, choledochoduodenal fistula, and bronchial 
and bronchiolar obstruction due to aspirated gastric 
contents. 
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DISCUSSION 

The hazards attendant upon the diagnosis 
and management of gallstone obstruction 
may be readily seen by the foregoing case 
presentations. The vast majority of the pa- 
tients are elderly, obese, females (9) usually 
with associated complicating conditions such 
as organic heart disease or diabetes. All of the 
patients in this series were females and the 
average age was 70 years, the youngest patient 
being 62 years and the eldest 88 years of age. 
In at least 3 of the patients diagnosis and 
management was severely complicated by the 
presence of other conditions. Particularly 
was this true in the patient who died. A large 
esophageal diverticulum, an irreducible um- 
bilical hernia, and a palpable right upper 
quadrant mass were prominent in obscuring 
the diagnosis. A definite past history of gall 
bladder disease was obtained in 6 of the 8 
patients. One of these was known to have gall- 
stones by previous cholecystogram, and an- 
other had attacks of jaundice. 

The presenting symptomatology is usually 
characteristic of a mechanical intestinal ob- 
struction usually low in the intestinal tract. 
There is a history of crampy abdominal pain, 
nausea, vomiting, and constipation progress- 
ing to obstipation over a period of several 
days to a week. The long duration of symp- 
toms before these patients present themselves 
is probably of even greater importance 
than the age as a factor in mortality. Foss 
and Summers reported that the average dura- 
tion of symptoms in their patients who died 
was 5.2 days. The average duration of symp- 
toms in this series was 5.4 days, ranging be- 
tween 4 and 7 days. Fecal vomiting was 
stated as being present in 4 of the 8 patients 
on admission to the hospital. When one adds 
to the long duration of symptoms, the time 
spent in the hospital in attempting to make 
the diagnosis prior to operation then the long 
delay between onset of symptoms and opera- 
tion becomes even more apparent. 

The patient may present in a state of seri- 
ous dehydration and electrolyte imbalance 
consequent to the vomiting and this in turn 
further complicates the picture. While ab- 
dominal distention may be present it is usual- 
ly obscured by the obesity of the patients, and 
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accurate evaluation can only be obtained by a 
survey film of the abdomen. This will indicate 
whether or not distended loops are present 
and may even reveal the cause of the obstruc- 
tion. Rigler, Borman, and Noble have re- 
ported the roentgenologic criteria which when 
present lead to a positive diagnosis of gall- 
stone obstruction, namely: (1) air or contrast 
media in the biliary system; (2) direct visuali- 
zation of the stone; and (3) roentgenologic 
evidence of intestinal obstruction. 

Almost invariably gallstone obstruction is 
preceded by the development of an internal 
fistula between the biliary system and the 
gastroentestinal tract, although, Murphy re- 
ported a case in which the obstructing calculus 
was considered to have forced its way through 
an enormously dilated common duct. Since 
the first and second portions of the duodenum 
are most closely related anatomically to the 
gall bladder, a cholecystoduodenal or chole- 
dochoduodenal fistula (as in Case 8) are the 
most common. A cholecystocolic fistula may 
occur but it is rare and rarely produces ob- 
struction. Once the stone has entered the 
duodenum, it may be arrested at any point 
during its transit, thereby producing obstruc- 
tion. Although the most frequent site of the 
lodgement has been reported in the distal 
ileum (1, 4, 6) it will be noted (Table I) that 
in 4 of the cases herein reported the obstruc- 
tion was high in the jejunum. 

The management of these patients is in no 
way different from that of the management of 
any patient believed to have intestinal ob- 
struction from any cause (2). A positive 
etiological diagnosis is of academic interest 
only and entirely secondary to correction of 
the associated physiological disturbances that 
occur in obstruction of the intestine. Oral in- 
take should be immediately stopped and suc- 
tion drainage instituted. In 6 of the patients 
in this series a Miller-Abbott tube was used, 
and a Levin tube was used in the remaining 2. 
Appropriate parenteral fluids should be started 
as rapidly as possible, the amount and type to 
depend largely on the results of laboratory 
studies such as hemoglobin, blood chlorides, 
blood urea nitrogen, carbon dioxide combin- 
ing power, blood sugar, and serum sodium 
and potassium. 
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The importance of obtaining survey roent- 
gen films of the abdomen in both the antero- 
posterior, upright, and lateral recumbent 
positions cannot be emphasized too strongly. 
Most of these patients are obese with pro- 
tuberant, flaccid abdominal walls, and dis- 
tention may not be noticeable on examina- 
tion. Only by roentgen examination can the 
true picture be demonstrated, and the actual 
etiological agent may even be shown. In 1 
of the patients in this series (Case 6) the diag- 
nosis was appreciably delayed by failure to 
obtain a roentgenogram. When the diagnosis 
is established operation should be carried out 
at the earliest possible time. 

More often preoperative findings indicate 
intestinal obstruction but do not indicate the 
etiology. Under these circumstances the deci- 
sion to operate must be arrived at as in any 
other type of mechanical obstruction. Ob- 
viously, many of these patients will arrive at 
the hospital in a severely dehydrated state. 
Furthermore, they are usually in an age 
group in which diabetes, heart disease, and 
other serious handicaps are relatively fre- 
quent. Such conditions must be recognized 
and given due consideration in the over-all 
management of the patient. It is believed, 
however, that restoration of blood volume, 
compensation for fluid losses, the inaugura- 
tion of effective antidiabetic therapy, and 
even digitalization can be accomplished in a 
few hours if the full facilities of a modern 
hospital can be drawn upon. Suction drain- 
age, preferably through a Miller-Abbott tube 
can be of inestimable value in decreasing dis- 
tention with all its untoward effects on plasma 
volume, hepatic circulation, and respiration. 
This method should not, however, be per- 
mitted to lead to unjustified delay in opera- 
tion. If the patient fails to show definite im- 
provement within a period of hours, then no 
further delay should be countenanced. Ob- 
viously, if the obstruction is known to be on 
the basis of a gallstone, operation must be 
carried out at the earliest possible time. In 6 
of the patients in this series the preoperative 
diagnosis was intestinal obstruction and in 
only 1 of these was a gallstone considered as 
the etiologic agent. In Case 7 the preopera- 
tive diagnosis was duodenal ulcer with ob- 
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struction, and in Case 8 the preoperative diag- 
nosis was acute cholecystitis. 

The operative procedure employed in the 7 
patients who survived was longitudinal inci- 
sion of the intestine over the stone, removal of 
the stone, and closure of the bowel in trans- 
verse direction. In 1 of these, because of the 
marked distention, a Witzel type enterostomy 
was performed proximal to the enterotomy. 
In the remaining case, operation was per- 
formed through a right subcostal incision. 
The presence of gallstone ileus was obscured 
by the finding of a large carcinomatous mass 
in the region of the gall bladder with massive 
metastases to the liver, and the abdomen was 
closed without exploration of the bowel. It 
should be emphasized that at the time of re- 
moval of a gallstone rapid search of the gut 
should be carried out to exclude the presence 
of a second obstructing stone. Foss and Sum- 
mers reported the case of a patient in which 
one stone was removed but she expired on the 
eighth postoperative day and at necropsy a 
second obstructing stone was found. If a 
faceted stone is present the possibility of mul- 
tiple stones should be kept in mind and a 
search made for them. If the small bowel dis- 
tention is of severe proportions and if passage 
of a long tube through the oropharynx has 
been unsuccessful, a Witzel enterostomy may 
be indicated. In no case was any effort made 
to explore the biliary area or to drain it at the 
time of operation. The enterotomy was ac- 
complished as rapidly as possible and the 
abdomen was closed. 

The mortality in gallstone obstruction has 
been extremely high, ranging around 30 to 70 
per cent in most series (1, 4, 6). McLaughlin 
tabulated the mortality statistics of 14 dif- 
ferent series and reported 4 personal cases of 
gallstone ileus without a mortality. The mor- 
tality in this group of cases was 12.5 per cent. 

The factors responsible for the high mor- 
tality have been mentioned previously. The 
improvement in mortality in the cases herein 
reported is probably a logical result of a better 
understanding of the pathologic physiology of 
intestinal obstruction rather than any de- 
crease in the length of time between onset of 
symptoms and operation or any improvement 
in operative technique. While the condition is 
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admittedly rare, the associated high mortality 
when it does occur is another argument in 
favor of removal of the calculous gall bladder. 
As McCready and Seybold have pointed out, 
the complications of cholelithiasis cannot be 
anticipated or prevented except by surgical 
removal of the stone containing gall bladder. 


SUMMARY AND CONCLUSIONS 


1. Eight cases of gallstone ileus occurring 
in the Hospital of the University of Pennsyl- 
vania between 1939 and 1951 have been pre- 
sented. One of these patients died. 

2. Gallstone ileus should be strongly sus- 
pected in an elderly obese patient presenting 
with the signs and symptoms of intermittent 
recurrent obstruction progressing to complete 
obstruction and in which a history of gall 
bladder disease is obtained. 

3. The high mortality which has occurred 
in this group of patients has been a result of 
age, obesity, associated complicating condi- 
tions, too extensive surgery, and, probably 
most important, delay in diagnosis. 
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4. If the physician is kept constantly aware 
of the occurrence of gallstone ileus with a re- 
sultant decrease in the time lapse between on- 
set of symptoms and institution of active 
treatment, then it is believed, the mortality 
will be appreciably decreased. 
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STUDIES IN EXPERIMENTAL FROSTBITE 


IX. Rapid Thawing and Prolonged Local Cooling in the Treatment of 


Frostbite Resulting from Exposure to Low Ambient Temperature 
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XPERIMENTAL studies carried out 
during recent years have clarified our 
understanding of the underlying basic 
physiopathology of frostbite and have 

shed light upon its proper treatment.’ Up 
to the present time direct immersion of a 
portion of the body in a freezing mixture and 
contact spot freezing have proved the only 
dependable methods of producing frostbite 
in experimental animals from the standpoint 
of uniformity and reproducibility of the re- 
sultant injury. Since human frostbite is so 
rarely incurred in similar fashion, some have 
questioned the validity of transferring con- 
clusions drawn from such experimental ob- 
servations to the problem of frostbite in man. 
The recent demonstration by Blair and his 
associates that freezing injuries can be in- 
flicted upon rats and rabbits by exposing them 
to low ambient temperatures has fortunately 
made available a method much more akin to 
the manner in which human freezing injuries 
are commonly sustained. The present study 
is concerned with evaluation of two con- 
troversial methods of treatment, rapid thaw- 
ing and prolonged local cooling, in frostbite 
which develops in the unanesthetized mouse 
upon exposure to low environmental temper- 
ature. 
METHODS 

Domestic albino mice usually weighing be- 
tween 19 and 25 grams were placed in indi- 
vidual small wire containers and exposed to 
low temperature in an ordinary domestic 
type deep-freeze unit. The ambient tempera- 
, . From the Department of Surgery, the Indiana University 

School of Medicine, Indianapolis, Indiana. 
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ture ranged from —19 to —1o degrees centi- 
grade and the period of exposure from 40 to 
80 minutes. By exposing an additional mouse 
every 5 minutes in any given experiment, 
time was available after removal of each ani- 
mal from the cold environment for making 
certain observations, such as the extent of 
freezing and the interval before thawing, and 
for carrying out any desired treatment. 
Alternate animals removed from the deep- 
freeze unit were treated, the others being 
kept for control observations. Usually 20 
animals were exposed during each experi- 
ment, half being treated and half kept as con- 
trols. 

In those animals treated by rapid thawing 
the solidly frozen tails were immediately im- 
mersed in a water bath kept at 42 degrees 
centigrade and left in it for 2 minutes. The 
tails of the control animals were allowed to 
thaw spontaneously at ordinary room tem- 
perature (27 to 30°C.). Both groups of ani- 
mals were then kept in a room maintained 
constantly at a temperature of from 25 to 26 
degrees centigrade. 

In the experiments concerned with local 
cooling of the frozen part, each animal was 
placed immediately in a small wire cylinder 
constructed in such a way as to keep the 
tail of the mouse in a glass tube immersed 
in an ice water bath with a temperature of 
from 1 to 3 degrees centigrade.” The animals 
were removed from this apparatus after the 
tail had thus been kept chilled for 24 hours. 
The control animals were placed for 24 hours 
in similar wire cylindrical containers with the 
tail in an open ended glass cylinder. These 
animals as well as those in the treated group 


*This apparatus has been used in a previous study and is 
adequately described in the report of this work (3). 
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were kept thereafter in a room constantly 
maintained at a temperature of from 25 to 
26 degrees centigrade. Both groups were 
housed in ordinary mouse cages after the 
first 24 hours. 

No animals were discarded except those 
which died immediately from the exposure, 
those few which died within such a short 
time after freezing that it was impossible to 
determine how extensive the loss of tissue 
would ultimately have been, and those few 
in which solid freezing of the tail did not 
occur. The length of the tail of each mouse 
was determined at the beginning by measur- 
ing the distance between the tip of the tail 
and the hairline at its base. Each animal was 
inspected daily and the extent of the necrosis 
in centimeters was recorded, as well as a 
rough estimate of the degree of edema present. 
Final measurements of the extent of necrosis 
were made approximately 2 weeks after the 
injury. By this time the gangrenous portion 
had separated spontaneously in most of the 
animals, and its extent could be determined 
by subtracting the length of the remaining 
viable tail from the original measured length. 
In the few in which spontaneous amputation 
had not yet taken place the line of demarca- 
tion was clear and had not changed for a 
number of days. 


RESULTS 


General observations. Preliminary studies 
demonstrated that most animals weighing 
less than 19 grams died following exposure of 
approximately 1 hour to temperatures of from 
—19 to —10 degrees centigrade, often before 
the tail became solidly frozen. In contrast, 
most of the mice weighing from 19 to 25 
grams survived the exposure and sustained 
solid freezing of the entire tail. Longer peri- 
ods of exposure resulted in a high mortality, 
and even with the periods used 47 mice died 
during the exposure and only 165 frostbitten 
mice survived to serve as the experimental 
animals of the present study. In a few addi- 
tional instances a portion, but not all, of the 
tail was frozen; these animals were not in- 
cluded either in treated or control groups. In 
one-third of the experimental animals one or 
more feet also became frozen, the forefeet 
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less often than the hind. A few of these ani- 
mals ultimately lost tips of toes from gan- 
grene. Animals with freezing of the feet as 
well as the tail were about equally divided 
among the treated and control groups. Freez- 
ing of the ears was not observed. 

Results of rapid thawing. Thirty-seven mice 
which incurred solid freezing of the entire 
tails were treated by immediate rapid thaw- 
ing, while 37 similarly injured mice served as 
untreated controls (Table I). The two groups 
were comparable in weight, length of tail, 
and severity of the exposure. The control 
group averaged 21.6 grams in weight while 
the treated mice averaged 21.4 grams. The 
overall length of tail was almost precisely the 
same, being 8.77 in the untreated group and 
8.76 centimeters in the treated group. The 
temperature at which the animals were ex- 
posed ranged from —15 to —10 degrees and 
the two groups did not differ in this respect. 
Three untreated animals and 2 of the treated 
group were exposed for 55 minutes. Eight un- 
treated animals and 10 of the treated group 
were exposed for 60 minutes. Twenty-six of 
the untreated animals and 23 of the treated 
group were exposed for 55 minutes. Two of 
the treated mice were exposed for 70 minutes. 
Thawing of the tails in the untreated group 
took place in from 40 to 162 seconds; the 
average time was 108 seconds. 

The mice treated by rapid thawing fared 
considerably better than the untreated con- 
trol animals. The mean loss of tissue was 
0.98 centimeter or 11.2 per cent of the mean 
total length of tail, while the mean loss in 
the other group was 1.98 centimeters or 22.6 
per cent. Twelve or 32.4 per cent of the 
treated mice sustained no loss of tissue at 
all. Such an excellent result obtained in only 
4 (10.7 per cent) untreated animals. A good 
result with loss of no tissue, or no more than 
the distal 1 centimeter of the tail, was ob- 
tained in 25 of the treated group (67.7 per 
cent) and in only 1o of the control animals 
(27 per cent). 

Results of prolonged local cooling. Forty- 
five mice which incurred solid freezing of the 
entire tail were treated by keeping the injured 
tail chilled for 24 hours, whereas an equal 
number serving as controls were restricted 
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TABLE I.—RESULTS OF RAPID THAWING AND PROLONGED LOCAL COOLING IN THE 
TREATMENT OF FROSTBITE OF THE TAILS OF MICE 


Untreated group 


Treated group 





Per cent with 
excellent 
result 


Mean loss 
of tissue 


No. of 
in cm. 


animals good or ex: 


Per cent with 


cellent result 


Per cent with 
excellent 
result 


Per cent with 
good or ex- 
cellent result 


No. of 


Mean loss 
animals 


of tissue 
in cm. 





Rapid thawing 





| 1.98 27 


37 





Prolonged local cooling 





26.6 


45 





for a like period in similar apparatus without 
cooling the tail (Table I). The two groups 
were comparable in weight, length of tail, 
and severity of exposure. The control group 
averaged 21.3 grams in weight while the 
treated group averaged almost precisely the 
same (21.2 grams). The mean overall meas- 
ured length of tail was 8.02 centimeters in 
the control group and 8.16 centimeters in 
the treated group. The temperature at which 
the animals were exposed ranged from —19 
to —12 degrees and there was no difference 
in the two groups with respect to the severity 
of the cold to which they were exposed. 
There was no significant difference in the 
duration of the exposure in the two groups. 
For example, 18 of the control group and 19 
of the treated group were exposed for 40 or 
45 minutes. Fourteen of the control animals 
and 13 of the treated group were exposed 50 
or 55 minutes. Eight of the control animals 
and 11 of the treated group were exposed for 
60 or 65 minutes. Five of the control ani- 
mals were exposed for from 70 to 80 minutes 
and 2 of the treated group. 

Prolonged local cooling of the frostbitten 
tail resulted in a trend toward increased tis- 
sue damage. The mean loss of tail resulting 
from gangrene was 4.35 centimeters or 53.3 
per cent of the mean total length of tail in 
the group treated by prolonged cooling as 
compared with 2.73 centimeters or 34 per 
cent in the control group. In only 1 animal 
was there no loss of tissue (2.2 per cent) while 
such an excellent result was observed in 5 of 
the control group (11.1 per cent). Only 7 
mice in the treated group sustained no loss of 
tissue or no more than 1 centimeter (15.5 per 


cent). Such a good result obtained in 11 of 
the control group (24.4 per cent). 


DISCUSSION 


In view of certain observations it seemed 
to us unlikely that the studies previously car- 
ried out upon animals in which frostbite was 
inflicted by immersion of a portion of the 
body in a freezing mixture or by spot contact 
freezing were without valid relationship to 
the problem in man. First, no essential dif- 
ference either in the resultant tissue necrosis 
nor in the tendency toward persistent vaso- 
motor alterations had been noted between 
cases of high altitude frostbite in which freez- 
ing was often almost instantaneous, on the 
one hand, and cases developing after pro- 
longed exposure upon the ground, on the 
other. Secondly, observations in experimen- 
tal frostbite had convinced us that, in spite 
of considerable variability in the period of ex- 
posure before onset of freezing, the process of 
freezing, once it begins, spreads with remark- 
able rapidity to involve the entire area which 
eventually becomes frozen. My associates 
and I quickly learned from our early experi- 
ments that rather reliable and reproducible 
results as far as tissue necrosis was concerned 
could be obtained by standardizing the tem- 
perature to which the tissues were exposed 
and the duration of actual freezing. The in- 
jury could not be standardized by making 
constant the total period of exposure. In the 
present study concerning exposure of un- 
anesthetized animals to low ambient tempera- 
tures it was also noted that freezing of tissues 
took place very rapidly once it began. It ap- 
pears entirely likely that the same holds true 
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for man and that even though freezing may 
be preceded by hours or days of exposure ‘to 
a cold atmosphere the actual process of freez- 
ing is itself quite rapid. In spite of these 
considerations, however, it was obviously de- 
sirable to learn whether the results of treat- 
ment of experimental frostbite incurred as 
the result of exposure to low ambient tem- 
perature would be similar to those which had 
been obtained in the case of freezing injuries 
resulting from immersion in freezing mixtures. 
Studies carried out in the present investi- 
gation demonstrate that such is the case. 
Immediate rapid thawing of the frozen part 
and prolonged local cooling were selected as 
the therapeutic methods to be tested for two 
reasons. In the first place, they constitute 
the two most controversial measures to be 
applied in the emergency treatment of frost- 
bite. In the second place, rapid thawing has 
proved consistently to be the most effective 
means of reducing the incidence and extent of 
tissue necrosis resulting from experimental 
frostbite. The clear-cut benefit of rapidly 
thawing the still frozen part by transient ap- 
plication of warmth just exceeding body tem- 
perature has been demonstrated in experi- 
ments with frostbite of tails, ears, and feet. 
It has been demonstrated in experiments in 
mice, rats, rabbits, and dogs. Conversely, in 
the few carefully controlled observations 
which have been made prolonged local cooling 
has been shown to be of no benefit but indeed 
to tend to result in increased tissue damage. 
The present studies were entirely confirma- 
tory of these previous results. Rapid thaw- 
ing of the frozen tails of mice decreased the 
tissue damage to such an extent that the 
mean loss was only half as great as in the 
control animals. As in previous studies, the 
results have been further analyzed by group- 
ing together as excellent results those in which 
all tissue necrosis was prevented and as good 
those in which gangrene was limited to the 
tip of the tail (x cm. or less). The validity of 
the first grouping is obvious. The second is 
felt to be of importance since limitation of 
loss of tissue to the distal parts results in far 
less dysfunction than if the damage is more 
extensive. For example, the person who loses 
only toes or portions of toes suffers little dis- 
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ability, while gangrene involving more proxi- 
mal portions of the foot generally necessi- 
tates a major amputation with its resultant 
handicap. In the present study rapid thaw- 
ing increased the percentage surviving with 
no loss of tissue from 10.7 to 32.4 and the 
percentage in which tissue damage was pre- 
vented or was limited to the distal centimeter 
of tail from 27 to 67.7. All of these results 
are highly significant when analyzed statis- 
tically. 

Prolonged local cooling, in contrast, was of 
no benefit but rather seemed to increase the 
resultant gangrene. The mean loss of tissue 
was 2.73 centimeters in the control and 4.35 
centimeters in the treated group. The per- 
centage in which no loss of tissue was sus- 
tained was 11.1 in the untreated and 2.2 in 
the treated animals, while the percentage in 
which either no tissue was lost or in which 
the necrosis was limited to the distal centi- 
meter similatly was greater in the control 
group (26.6 as compared with 15.5 per cent). 
These changes though not of definite sta- 
tistical significance reveal a trend toward an 
increase in resultant tissue necrosis in those 
animals treated by prolonged local cooling.” 

A striking parallelism is noted when one 
compares these results obtained in treating 
frostbite which occurs spontaneously in un- 
anesthetized and unrestricted mice exposed to 
low ambient temperatures with results of 
similar studies dealing with the treatment oi 
frostbite induced by immersion of the distal 


1The significance of the difference of the mean loss of tissue 
in the two groups was tested by the t ratio technique. The mean 
tail loss in the control animals is significantly greater than that 
in the group treated by rapid thawing beyond the 0.01 level of 
confidence. The significance of the difference in the number with 
excellent and good or excellent results in the two groups was 
tested by the chi-square technique. The number with excellent 
results among those treated is significantly greater than among 
the control group beyond the 0.05 level of confidence. Similarly, 
the number with good or excellent results among the treated 
group is significantly greater than among the controls beyond 
the .oor level of confidence. 

2When tested by obtaining the quotient of the difference of 
the means and the standard error of the differences, the difference 
in the mean loss of tissue in the two groups would appear to be 
significant. When tested by the t ratio technique, however, the 
mean tail loss for the group with prolonged cooling is greater 
than for the control group, but the difference is not sufficiently 
large to be attributed confidently to anything but chance. Due 
to the small percentage with excellent results in both groups the 
question of the significance of the difference cannot be reliably 
analyzed. When tested by the chi-square ratio there is no sig- 
nificant indication that the number with good and excellent 
results are obtained more frequently among the control than 
among the group treated by prolonged local cooling. 
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TABLE II.—COMPARISON OF RESULTS OF RAPID THAWING AND OF PROLONGED LOCAL COOLING 
IN FROSTBITE INDUCED BY IMMERSION OF THE DISTAL 6 CENTIMETERS OF THE MOUSE’S 
TAIL FOR 5 SECONDS AFTER SOLIDIFICATION IN AN ETHER-CARBON DIOXIDE MIXTURE 
KEPT AT —15° C. WITH RESULTS IN FROSTBITE RESULTING FROM EXPOSURE OF THE UNANES- 


THETIZED MOUSE TO LOW AMBIENT TEMPERATURE 











Untreated group 


Treated group 





Mean 

loss of 

tail in 
cm. 


Per cent 
with 
excellent 
result 


No. of 


animals 





Per cent 
with good 
or excellent 
result 


Per cent 
with good 
or excellent 
result 


Per cent 
with 
excellent 
result 


Mean 

loss of 

tail in 
cm. 


No. of 
animals 








Rapid thawing in frostbite inflicted by immersion of the tail in freezing mixture 





Lempke and Shumacker (3) 1.76 4.8 


28.6 19 °.39 73-7 84.2 





Finneran and Shumacker (2) 4.1 as 


40 1.0 17.5 65 














Shumacker, Radigan, 


_ Ziperman, Hughes (6) 4.04 6.3 














14. 60 1.16 61.6 





23-3 





Rapid thawing in frostbite resulting from exposure to low temperature 





| 1.98 | 10.7 


| 27. | 37 | 0.98 | 32.4 | 





Prolonged local cooling in frostbite inflicted by immersion of tail in freezing mixture 





1.76 | 


Lempke and Shumacker (3) | | 


4.8 


| 28.6 | 19 | 3-7 | ° | 





Prolonged local cooling in frostbite resulting from exposure to low temperature 





| as 


2.73 | II.I 


| 24.4 | 45 | 4-35 | 2.2 | 15-5 





6 centimeters of the tails of anesthetized mice 
for 5 seconds after solidification in a carbon 
dioxide-ether mixture maintained at —15 de- 
grees centigrade. The similarity in the re- 
sults of rapid thawing is evident from Table 
II in which the present data are compared 
with those from the previously reported ex- 
periments. There is not available for com- 
parison any entirely comparable study of pro- 
longed local cooling in the treatment of frost- 
bite induced by immersion of the tail in a 
freezing mixture. However, there has been 
reported a similar experiment in which the 
same method of local cooling was applied for 
72 hours to the tails of mice after freezing the 
distal 6 centimeters by immersion for 5 sec- 
onds after solidification in a carbon dioxide- 
ether mixture kept at —15 degrees centigrade. 
These animals were compared with animals 
similarly injured but not restricted for a com- 
parable time in the same apparatus. In these 
earlier studies prolonged local cooling resulted 
in the same definite trend toward an increase 
in the resultant damage as was noted in the 
current study (Table II). 

This similarity is all the more interesting 
because of the essential difference in the man- 
ner in which the present and the former 


studies were conducted. The earlier investi- 
gations were designed to demonstrate any 
possible effectiveness of the therapeutic meas- 
ure used. With direct immersion of parts of 
the body in freezing mixtures it is possible to 
inflict an injury so mild that there results no 
demonstrable permanent damage. It is also 
possible to produce damage so severe the out- 
come cannot be altered by any known treat- 
ment. Consequently the temperature of the 
freezing mixture and the period of freezing 
were selected so as to produce an injury in 
between these two extremes, one severe 
enough to result in permanent damage in a 
significant proportion of untreated animals 
and mild enough to permit improvement as 
the result of treatment. In contrast the in- 
jury inflicted in the current study was se- 
lected without regard to the possibility of 
altering the outcome by treatment. The ani- 
mals were exposed for a period sufficiently 
long to bring about solid freezing of the en- 
tire tail and just short of a period of time 
which resulted in an almost universally fatal 
outcome. 
CONCLUSION 

It would seem that these studies demon- 

strate conclusively that frostbite in experi- 
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mental animals resulting from exposure to 
low ambient temperature responds favorably 
to rapid thawing of the frozen part and that 
prolonged local cooling is without benefit and 
is possibly of real harm. The parallelism be- 
tween these results and those previously ob- 
tained in other experiments with a different 
method of producing frostbite suggest that 
the other experiments are valid and that con- 
clusions drawn from them may have signif- 
icance with regard to the problem of true 
freezing injuries in man. 
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ACUTE INTESTINAL OBSTRUCTION 
IN ELDERLY PATIENTS 


CONDICT W. CUTLER, JR., M.D., F.A.C.S., New York, New York 


N A recent paper on surgical emergencies 
affecting elderly patients, based on a 
study of cases at The Goldwater Memo- 
rial Hospital of New York, the writer (4) 

reported 56 cases of acute intestinal obstruc- 
tion. It was observed that the mortality rate 
in this condition developing in patients over 
60 was 55 per cent. This high rate was attri- 
buted in large part to the fact that these pa- 
tients, seen on this particular service, consti- 
tuted an especially bad risk group, inasmuch 
as most of them were either inmates of the 
city home for aged and indigent persons or were 
already under treatment m some one of the 
city’s free hospitals because of one or more of a 
variety of chronic diseases. These complica- 
ting conditions ran the gamut of disorders of 
the cardiovascular, renal, respiratory, and ner- 
vous systems and included hemiplegia, coro- 
nary infarction, cirrhosis, diabetes (some with 
amputations), tuberculosis, lues, crippling ar- 
thritis, parkinsonism, and a variety of meta- 
bolic disturbances and deficiency states. 

The study of acute intestinal obstruction in 
the aged has been carried forward since the 
publication of the original report by the addi- 
tion of further cases from the Goldwater serv- 
ice, now covering a 10 year period (1939 to 
1949), and by the inclusion of the cases re- 
corded at the Roosevelt Hospital during the 
same period. 

The Roosevelt group numbered 63 cases. 
These patients, while of comparable age, were 
as a whole in far better condition than the 
Goldwater cases, coming from their homes to 
the hospital because of the emergency and be- 
ing, for the most part, in passably good health 
for their years. A fair proportion of them were 
private patients. The mortality rate in this 
group was 53 per cent. 

This similarity of mortality rate in two 
groups of patients, differing so widely in all 

From the Departments of Surgery, Roosevelt Hospital, Gold- 


water Memorial Hospital, and College of Physicians and Sur- 
geons, Columbia University, New York. 


circumstances but age, casts doubt on our 
assumption as to the effect of chronic disease 
on the outcome. The consistently high mor- 
tality led naturally to an inquiry as to the 
common denominators which might be ac- 
countable for it. For this reason the present 
paper combines the two groups for purposes of 
study and evaluation. The age range of the 
entire group was 60 to 102 years. The average 
age was 73 years. 

These cases of acute intestinal obstruction 
fall naturally into etiological grouping. While 
all had certain features in common, each cause 
of obstruction presented some rather distinc- 
tive characteristics which set its group apart 
from the others in matters of symptomatology, 
physical and laboratory findings, treatment, 
and prognosis. Of the 123 cases here reported, 
acute mechanical intestinal obstruction had 
the following causes: hernia, 35; tumor, 31; 
adhesions, 20; foreign body, 11; volvulus, 10; 
and 16 were of undetermined origin. 


HERNIA 


Incarceration of gut within a hernial sac 
was the most frequent cause of acute intestinal 
obstruction. There were 35 such cases. The 
average age was 75 years. The oldest patient 
was 102 years. Twenty were men and 15 
women. The types of hernia were distributed 
as follows: inguinal, 14; femoral, 11 (8 in 
women); umbilical, 6; incisional, 4. Twenty- 
two of the patients had obstructive symptoms 
for 1 day or less prior to operation. Of these, 
4 died. There were to whose obstruction had 
lasted 3 days or more and g succumbed, 2 
without operation. 

The symptoms of which these patients com- 
plained were characteristic. They consisted 
of pain in the hernial region associated with ir- 
reducibility, increasing generalized abdominal 
pain, vomiting (which was usually early and 
persistent), distention, and obstipation. So 
acute were these manifestations that medical 
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Fig. 1. Causes of obstruction in 123 cases. 


advice was almost always promptly sought. In 
most instances surgery followed quickly. No- 
table exceptions to this were 2 patients whose 
obstruction had lasted 3 and 5 days respective- 
ly, who were admitted to the hospital in 
moribund condition and rapidly succumbed in 
spite of supportive measures. 

In the presence of a recognized hernia, prov- 
ing irreducible, the diagnosis was generally 
clear. There were 2 exceptions in which the 
diagnosis was not made promptly. In one an 
incarcerated recurrent inguinal hernia had 
been reduced with its sac en masse. In 
another, an incarcerated femoral hernia es- 
caped detection until discovered by the pathol- 
ogist. In those cases in which x-ray studies 
were made preoperatively the characteristic 
picture of small bowel distention was in- 
variably shown. 

The preoperative therapy was in most in- 
stances brief and followed a fairly consistent 
pattern, modified somewhat by the inclination 
of the surgeons concerned. Since there was no 
opportunity to rectify underlying chronic 
disease, the measures employed were funda- 
mentally protective and supportive. Fluid 
and electrolyte losses were replaced as rapidly 


as could be done with due regard for circula- 
tory inadequacies and antibiotic therapy 
started. The correction of blood volume deficit 
by transfusion was an important feature of 
preparation. The lower bowel was generally 
cleared by irrigation in those few instances in 
which repeated enemas had not previously 
been administered in unsuccessful attempts to 
overcome the obstruction. The stomach was 
emptied by irrigation, and suction was usu- 
ally continued during the preoperative period. 

The use of intestinal intubation to relieve 
the effects of obstruction prior to operation 
was pursued in several cases in one of the 
hospitals. A Miller-Abbott tube was employed 
for 1 day in the patient admitted after a 3 day 
obstruction who died without operation. It 
was used for 3 days following admission on 
2 other 3 day obstructions without benefit. 
The patients were then operated upon and 
died. It was used for 1 day on a 4 day case in 
which the patient also succumbed after oper- 
ation. On the other hand, it was used success- 
fully for 4 days on a 3 day obstruction and for 
4 days on a 1 day obstruction, both patients 
recovering after operation. Thus intestinal 
intubation appeared to be of value as a pre- 
operative measure in 2 cases and failed in 4. 

The types of anesthesia used varied con- 
siderably. In the Goldwater cases, under the 
influence of Dr. Rovenstine’s teaching, cyclo- 
propane was used in 14 of the operations. It 
proved a very satisfactory anesthetic. Seven 
were done with local anesthesia and one with 
local supplemented by pentothal. In the 
Roosevelt group 2 patients were operated on 
under local, the remainder with inhalation 
anesthesia—usually nitrous-oxide-ether or ni- 
trous oxide with pentothal induction. There 
were no anesthetic accidents and the choice of 
agent had no discoverable bearing on post- 
operative respiratory complications or other 
morbidity. 

Operation in all but 5 instances consisted in 
freeing of the obstructed loop, reduction of 
the hernia, and repair. All 5 of the patients 
requiring small bowel surgery because of 
strangulation and necrosis had femoral her- 
nias. Three required. resection of the damaged 
bowel with anastomosis. Two of these re- 
covered. In another, a Richter’s type femoral 
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hernia, closure of a gangrenous perforation 
was done, followed by fatality. Deostomy 
was done in 1 case of unrecognized obstructing 
femoral hernia with fatal termination. 

In 1 case of incisional hernia, the com- 
promised gut returned to the abdomen at 
operation subsequently became gangrenous, 
resulting in death. 

During the postoperative period Wangen- 
steen suction was continued with either Levin 
or Miller-Abbott tube, fluids (usually by 
clysis) and blood were furnished as indicated, 
antibiotic drugs were continued, and the pa- 
tients taken out of bed at the earliest moment. 

Among the 11 patients who succumbed 
shortly following operation, the causes of 
death ascribed were as follows: pneumonia, 4; 
shock, 2; peritonitis, 2; sepsis, 1; congestive 
heart failure, 2. Five additional patients died 
from apparently unrelated conditions, i.e., 3 of 
coronary disease 13 months, 8 months, and 4 
months postoperatively, 1 from decubitus 
ulcers and sepsis after an illness of 2 months, 
and 1 of ruptured esophageal varix. Including 
these in the postoperative fatalities gave a 
figure of 16 deaths in 33 patients operated 
upon. There were, besides, the 2 patients 
whose condition did not permit operation and 
who promptly died. These brought the figure 
to 18 deaths among 35 patients treated, a 
total mortality rate of 51 per cent. The di- 
rectly related postoperative mortality was 33 
per cent. 

These observations led to the following im- 
pressions: 

1. Considering the relatively low incidence 
of femoral hernias, the frequency of their 
causation of intestinal obstruction (as com- 
pared with inguinal hernias) was striking. The 
preponderance of women as sufferers from this 
catastrophe was noteworthy. 

2. The hazards of femoral hernia were 
further emphasized in this study by the fact 
that 1 of 2 fatal cases not operated upon and 
all 5 strangulations requiring small bowel sur- 
gery occurred in femoral hernias. Moreover, 
almost half of the femoral hernias producing 
obstructions were strangulated. This fact 
stressed the desirability of a transabdominal 
surgical approach in such cases (5). The im- 
plication was that prophylactic repair of 
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Fig. 2. Types of hernia causing obstruction in 35 cases 
and incidence of strangulation. 


femoral hernias even in old people should have 
serious consideration. 

3. The duration of the obstructions result- 
ing from hernias of all types was a large factor 
in determining the morbidity and ultimate 
mortality. This was a more influential factor 
than the age of the patient or his coexisting 
physical defects. 

4. Delaying operation for the purpose of at- 
tempting decompression by intubation of the 
small intestine in the presence of obstruction 
due to recognized hernia proved hazardous. 

5. Attention was once more directed to the 
risk of failure to recognize the presence of a 
hernia in acute intestinal obstruction, and to 
the danger of en masse reduction by manipula- 
tion. 

TUMORS 

Only slightly less numerous than obstruc- 
tions due to hernia were those caused by 
tumor, especially of the large bowel. Natu- 
rally the relative incidence of this cause of 
obstruction was higher in the elderly age 
group under consideration than in younger 
patients. This cause must, then, be seriously 
considered in the diagnosis of acute intestinal 
obstruction occurring beyond the age of 60. 

Our series presented 31 such cases. The 
average age was 70 years. Distribution of the 
causative tumors was as follows: sigmoid, 15; 
rectum, 6; descending colon, 3; hepatic flex- 
ure, 2; cecum, 2; lower jejunum, 1; extrinsic 
tumor, 2 (pelvic recurrences following hys- 
terectomy for carcinoma of the uterus and of 
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Fig. 3. Distribution of 31 tumors. 


the ovary respectively). The tumor was car- 
cinoma in each instance of intrinsic bowel 
obstruction. 

In the obstructions caused by tumor in- 
volving the large bowel there was no such 
direct relationship between the duration of 
the obstruction and the severity of symptoms 
as was noted in the case of small bowel ob- 
struction seen in the cases caused by hernia. 
In general these patients sought surgical relief 
at a somewhat later time (10). One patient 
came under observation only after 10 days of 
obstipation; several of the others after 5 and 
7 days. The average duration of symptoms 
was 3 days. 

The delay in undertaking treatment was 
indicative of the less dramatic and more in- 
sidious onset which characterized the estab- 
lishment of obstruction of the large bowel by 
tumor. The complete obstipation tended to 
merge symptomatically with an already exist- 
ing constipation. There was no sudden pain 
or peristaltic cramps. Cramps usually de- 
veloped only after catharsis had proved inef- 
fective. Then followed distention and even- 
tually vomiting, leading at last to discovery 
of the true situation. 

This type of onset was in itself suggestive 
of the diagnosis, especially when coupled with 
a history of constipation, melena, and loss of 
weight. In most instances the diagnosis could 
be confirmed by rectal examination or by x-ray 
studies with barium enema. 

The preoperative therapy consisted in cor- 
recting fluid, salt, and protein deficiencies and 
the administration of blood when required. In 
general this preparation was brief, and reme- 
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Fig. 4. Etiology and location of adhesions in 20 cases. 




















dial surgery was promptly undertaken fol- 
lowing the introduction of a stomach tube and 
continuing aspiration. 

In one of the hospitals the Miller-Abbott 
tube was employed in 5 cases as a means of 
preoperative relief for periods of 12, 8, 4, 3, 
and 2 days. Four of these patients died fol- 
lowing surgery. One of them was found at 
operation to have developed a perforation of 
obstructing carcinoma of the cecum. 

Anesthetic agents employed for the opera- 
tions varied as seemed indicated by the pa- 
tient’s condition. Local infiltration anesthesia 
was frequently used when a simple cecostomy 
was performed. Less often inhalation anesthe- 
sia (cyclopropane or ether), spinal, and pen- 
tothal were used. Each served the purpose 
satisfactorily and there were no accidents 
attributable to the anesthetic. 

The operations varied according to the 
pathology. Cecostomy was the most fre- 
quently used (20 times), being employed for 
the following tumor obstructions: sigmoid, 12; 
rectum, 4; descending colon, 2; hepatic flex- 
ure, 2. Eight patients survived this procedure 
for relief of obstruction although 2 of these 
died following subsequent operations for re- 
moval of the obstructing growths. Twelve 
patients died following the cecostomy alone. 
Divided colostomy was performed 3 times, 
with 1 postoperative death. Exteriorization 
(Mikulicz) was done twice in the presence of 
acute obstruction, followed by fatalities. Ileo- 
transverse colostomy was done 3 times with 3 
deaths. In the single case of obstruction due 
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Fig. 5. Type of foreign bodies in 11 cases. 


to carcinoma of the lower jejunum resection 
and side-to-side anastomosis were carried out. 
In spite of existing perforation with peritonitis, 
this patient recovered. One patient was ad- 
mitted in moribund condition and died with- 
out operation. 

Postoperative treatment followed conven- 
tional lines of support, suction evacuation of 
stomach and upper intestine, the use of anti- 
biotic medication and ambulation at as early a 
time as the patient’s condition would permit. 
It was generally observed that the cecostomy 
or colostomy usually failed to function satis- 
factorily for the first 48 hours after operation, 
causing some apprehension as to its effective- 
ness. Of the complications encountered, pneu- 
monia or atelectasis and renal insufficiency 
were the most commonly seen. Although the 
incidence of kidney inadequacy was high, 
only 1 fatal uremia was seen. 

Causes of death among the 18 patients who 
succumbed shortly after operation for relief of 
obstruction alone were listed as follows: 
peritonitis, 6; pneumonia, 5; shock, 4; cardiac 
failure, 2; uremia, 1. Deaths following later 
remedial operation (2) were due to peritonitis 
and shock respectively. Four late deaths were 
reported, presumably not the immediate re- 
sult of the obstruction: 1 from coronary em- 
bolism (37 days); 2 from pneumonia (17 and 
18 days) ; and 1 from carcinomatosis (21 days). 
Including these, since they were still under 


OBSTRUCTION IN ELDERLY PATIENTS 485 





SIGMOID 
4 














6 4 


OPERATIVE TREATMENT 























[| FAtauities 


Fig. 6. Location of volvulus in 10 cases. 


active treatment, and also the 1 fatality not 
operated upon, gives a record of 22 deaths and 
9 survivals, a mortality rate of 71 per cent. 
The related postoperative mortality was 62 
per cent. 

From our observations the following im- 
pressions were gained: 

1. Obstruction due to tumor in this group 
almost always involved the large bowel and 
was in each instance caused by intrinsic or 
extrinsic cancer. 

2. The gradual onset of symptoms, merging 
with previous constipation, led to delay in 
diagnosis and surgical treatment (5). 

3. The prolonged use of upper intestinal 
intubation did not better the patient’s chances 
of survival (8). 

4. Even the simplest measures of surgical 
decompression were attended by high mor- 
tality. Attempts at by-passing operation or 
extirpation of the tumor in the emergency were 
almost invariably followed by fatality. 

5. Added to the immediate effects of ob- 
struction, the depletion caused by the cancer 
and the delay in relief led to a very bad 
prognosis both as to early and late results. 


ADHESIONS 


Twenty cases of acute obstruction due to 
adhesions were seen in a group of patients 
averaging 69 years of age. All but 3.of these 
patients gave histories of previous operations 
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Fig. 7. Undetermined cause of obstruction in 16 cases. 


in past years. These earlier procedures re- 
presented considerable variety ranging from 
closure of perforated peptic ulcer to resection 
of bowel for carcinoma or radium burn. Oper- 
ations on the appendix and pelvic organs, 
however, predominated. Of those obstruc- 
tions from adhesions not due to prior opera- 
tion, it was interesting to note one which oc- 
curred some years after what appeared to have 
been an acute pancreatitis; another that re- 
sulted from a previous diverticulitis of the 
sigmoid; and a third occurring at the site of 
protrusion of a loop of ileum through the 
omentum. Seventeen of the obstructions pro- 
duced by adhesions were of the small bowel, 2 
of the large, and 1 of both. 

The symptoms were generally abrupt in 
onset and severe. They were characterized by 
crampy pain, early vomiting, obstipation, and 
distention. The patients were very sick and 
usually sought medical attention early. The 
average duration before coming under de- 
finitive treatment was 2 days. Of 3 untreated 
for 5 days, 2 died. 

Factors in establishing the diagnosis were 
the obvious obstructive symptoms and signs, 
plus the evidence of previous abdominal 
trauma or inflammation. The x-ray examina- 
tion was very accurate and helpful in confirm- 
ing the diagnosis and in differentiating between 
large and small bowel obstructions (3). 

In 15 cases treatment consisted in operation 
within the first 24 hours after hospitalization, 
time being given only for necessary replace- 
ment and supportive measures and the insti- 
tution of upper intestinal decompression, 
usually by Wangensteen’s method. Eight re- 
covered and 7 died. Prolonged decompression 
by Miller-Abbott or Levin tube was pursued 
in 5 cases. One patient thus treated for 2 
days died without operation. Two patients 
were treated for 6 days and 4 days respectively 
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and died following operation. One treated for 
4 days survived after operation. One patient 
responded to intubation and was relieved by 
enemas over a period of 6 days and was then 
operated upon with subsequent recovery. 
Thus 3 died and 2 recovered following intuba- 
tion treatment. 

Anesthesia used in these operations was 
predominantly of inhalation type, in the later 
cases usually with pentothal induction. Cyclo- 
propane was used successfully in 5 cases, ether 
and nitrous oxide for the remainder. Spinal 
was used 3 times. One of these spinal anes- 
thesias presented us with the only anesthetic 
death in the series (and in fact the only such 
fatality in over 250 operations for emergency 
surgical conditions in our old age group). 
This patient vomited during operation, in 
spite of a stomach tube, aspirated, and 
promptly died. 

Operation in each case revealed the source 
of. the obstruction which, in 15 instances, was 
relieved by simple division of adhesions. In 1, 
resection of a loop of ileum was necessary 
(exteriorization, 2 stage), and the patient 
survived. One patient with obstruction at the 
hepatic flexure with gangrene had resection of 
the bowel with 2 stage ileotransverse colostomy 
and got well. In 1 case removal of an ovarian 
cyst was added. The patient died. One with 
combined large and small bowel obstruction 
succumbed following cecostomy, as did another 
following loop colostomy for perforated di- 
verticulitis to which the small intestine was 
adherent. 

The postoperative continuation of suction 
evacuation of the upper intestine proved most 
helpful until peristalsis was restored and bowel 
function re-established. 

Of the 20 cases of obstruction from ad- 
hesions, 7 patients died during the early post- 
operative period from the following causes: 
peritonitis, 2; shock, cardiac failure, pneu- 
monia, uremia, recurrence of obstruction, each 
1 case. There were 2 late deaths, 1 from pneu- 
monia (54 days) and 1 from uremia, following 
transurethral prostatectomy (60 days). Add- 
ing these, the one not operated upon, and the 
single anesthetic death gave a mortality of 11 
of 20 cases—a rate of 55 per cent. The re- 
lated postoperative mortality was 40 per cent. 
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The following impressions were obtained 
from observations of acute intestinal obstruc- 
tion caused by adhesions: 

1. A history of earlier abdominal operation 
or inflammation frequently provided a clue to 
the cause of obstructions of sudden onset. 
These lesions usually involved the small 
intestine. 

2. There seemed to be a definite relation- 
ship between the mortality and the time 
elapsing from onset to surgical relief. Gener- 
ally speaking, the quicker the surgery and the 
less done, the better the rate of survival. 

3. The mortality rate was slightly greater 
in the patients subjected to preliminary in- 
testinal intubation treatment. 


FOREIGN BODIES 


A group of obstructions of unusual interest 
were those produced by foreign bodies in the 
intestine. There were 11 of these in patients 
averaging 67 years of age. Eight of the ob- 
structing bodies were gallstones, 1 a peach 
stone, 1 a meat bone, and 1 a Miller-Abbott 
tube. 

These patients (except the tube case), pre- 
senting typical evidences of acute intestinal 
obstruction with abrupt and dramatic onset, 
furnished a difficult diagnostic problem. Those 
who had ingested large foreign bodies had no 
recollection or gave no history of having done 
so. Of the 8 gallstone obstructions, only 1 
gave evidence of pre-existing gall-bladder dis- 
ease. X-ray studies, while quite accurate in 
reflecting the presence of small bowel disten- 
tion, failed in each instance to show the ob- 
structing agent. The diagnosis was, therefore, 
highly inaccurate. The difficulty was gener- 
ally ascribed preoperatively to volvulus or 
adhesions. In 1 instance a ventral hernia, 
which was also present, was erroneously taken 
to be the cause. In another, with early and 
persistent vomiting following some months of 
indigestion, an obstructing carcinoma of the 
stomach was predicted. 

These patients came to surgical treatment 
promptly. Two were operated on within 48 
hours of onset, 6 within 24 hours or less. One 
gallstone obstruction had existed for 7 days. 
The patient was moribund on admission and 
died without operation, the obstructing stone 
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Fig. 8. Effect of intubation treatment on early mortality, 


being discovered at autopsy. The patient with 
obstruction by an ingested meat bone had a 
10 day history of acute illness. The obstruc- 
tion by Miller-Abbott tube was of 2 days’ 
duration. 

Operation was performed in all but 2 cases 
—the moribund patient referred to and the 
tube case. The obstructing body was discov- 
ered at the ileocecal valve once, in lower ileum 
4 times, in upper ileum once, in midjejunum 
once, and in third portion of duodenum once. 
In 5 instances the intestine had to be opened 
for removal of the foreign body. Two gall- 
stones were successfully milked out into the 
cecum and subsequently passed and 1 broke 
up during manipulation. 

Three of these cases merit comment in 
passing. In the patient who had ingested a 
meat bone, a large section of sparerib was 
found to have occluded the ileum, where it 
had perforated the gut with subsequent spread- 
ing peritonitis. The loop was exteriorized and 
the patient promptly died of sepsis and shock. 
The patient supposed to have an occluding 
carcinoma of the stomach was operated on 
with the recorded intention of performing a 
rapid anterior gastroenterostomy. The stone 
was discovered blocking the third portion of 
the duodenum, and the gut was opened for its 
removal and resutured. The patient recov- 
ered. The third patient had had a colostomy 
performed as the first stage of a proposed 
Lockhart-Mummery operation for carcinoma 
of the rectum. The Miller-Abbott tube, pre- 
viously introduced, resisted attempts at with- 
drawal and evidences of small bowel obstruc- 
tion developed. X-ray examination showed 
the bowel sharply kinked at the lower ileum 
with the tube in it, while the small intestine 
above was greatly distended. The distention 
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Fig. 9. Causes of death in 123 cases of obstruction. 


was relieved by suction with a Levin tube; the 
Miller-Abbott tube was cut and subsequently 
discharged through the colostomy. 

The results of these procedures were gratify- 
ing in all instances in which the bowel was not 
opened. These 3 patients made uneventful 
recoveries. Of the 5 in whom bowel opening 
was required, 3 recovered and 2 died. Thus of 
the 11 patients coming under observation, 8 
recovered and 3 died. The mortality rate was 
27 per cent. 

The following impressions were obtained 
from study of these cases: 

1. The foreign body obstructions proved to 
be abrupt, severe, and difficult to diagnose as 
to etiology. Histories suggesting pre-existing 
cholecystitis were notably lacking in the gall- 
stone cases (11). 

2. Operations for relief, when promptly un- 
dertaken, were generally effective. When the 
release of obstruction did not involve opening 
the bowel, they were not attended with grave 
risk even in elderly patients. 


VOLVULUS 


Ten cases of acute obstruction due to vol- 
vulus were recorded. The average age of these 
patients was 72 years. The areas of gut in- 
volved were: ileum, 6; sigmoid, 4. Only 2 gave 
histories of previous abdominal operations. 
Duration of obstruction in 5 patients was 1 
day or less. Of these, 3 survived operation. 
Two patients with 3 day old obstructions got 
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well. Two patients with acute symptoms for 4 
and 5 days died after surgery. 

Diagnosis of volvulus as the cause of ob- 
struction, when correctly made, was arrived at 
by exclusion, being predicated on the absence 
of other ascertainable likely causes. Abrupt- 
ness of onset without premonitory complaint 
and the severe cramp-like character of the 
pain were suggestive features. The x-ray 
examination proved quite accurate in deter- 
mining whether the obstructive site was in the 
large or small bowel. One notable error in 
diagnosis was the designation of a case of vol- 
vulus of terminal ileum as acute appendicitis. 

With 1 exception, these patients were rapid- 
ly prepared by appropriate replenishment 
therapy and operated upon promptly. In 1 
case a Miller-Abbott tube was employed for 2 
days without relief, and the patient died 
following surgery. : 

Anesthesia employed was: local, 1; spinal, 1; 
local and cyclopropane, 1; inhalation, 7. All 
were given without untoward incident. 

The operations consisted of: simple reduc- 
tion of volvulus, 3; resection and anastomosis 
(ileum), 2; ileostomy, 3; exteriorization of loop 
(colon, sigmoid), 2. 

Two of the 3 patients in whom simple re- 
ductions were accomplished recovered. The 
other (a 4 day case) died of shock within 24 
hours postoperatively. In both cases of resec- 
tion for gangrenous ileum the patients died 
shortly. Three patients in whom ileostomy 
was done for ileal volvulus all died. In both 
cases of exteriorization of large bowel loop 
(Mikulicz-Paul procedure) the patients sur- 
vived. Thus there were 6 deaths in 10 patients 
operated upon, all directly related to the sur- 
gical condition. The mortality rate was 60 
per cent (11). 

The following impressions were obtained 
from a study of these cases: 

1. Volvulus appeared to produce one of the 
most vicious types of obstruction seen in the 
older age group. Often resulting in compro- 
mise of the bowel’s circulation, it led rapidly 
to gangrenous changes. 

2. Efforts at surgical relief, unless under- 
taken very early, were relatively unsuccessful. 

3. Volvulus of the small intestine, occurring 
somewhat more frequently than that of the 
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large bowel, proved very much more danger- 
ous. When the ileum required resection or 
even when ileostomy was chosen as a less for- 
midable procedure, the results were almost 
uniformly bad. 


UNCLASSIFIED OBSTRUCTIONS 


In the total number of 123 patients over the 
age of 60 who were treated for intestinal ob- 
struction, there were 16 the cause of whose 
difficulty could not be determined. Their 
average age was 71 years. They are listed as 
follows: died without operation (no autopsy), 
8; palliative operation, pathology not discov- 
ered, 3; relieved by nonsurgical measures, 4; 
surgical exploration, cause not discovered, 1. 

The 8 patients who died without operation 
were either admitted in such bad condition, 
usually following prolonged obstruction, that 
operation could not be undertaken (5 cases), 
or failed to respond to continued intubation 
procedures (3 cases—4, 2, and 1 days’ treat- 
ment). 

Of 3 patients treated by palliative operation 
without exploration (cecostomy), 1 was re- 
lieved but died on the thirty-fourth day of 
pyelitis, while 2 survived without subsequent 
determination of the cause of obstruction. It 
seems fair to assume that the survivors had 
probably suffered from volvulus which spon- 
taneously reduced after decompression (1). The 
same assumption might be made concerning 
the 4 patients who recovered after intubation 
and without surgery. In all 4 the evidences of 
obstruction were of 36 hours’ duration or less. 
The patient who was explored without deter- 
mining the cause of obstruction died 2 days 
later. 

In this group of unclassified obstructions, 6 
patients survived and 10 died. The mortality 
rate was 62.5 per cent. 

From observation of the group the following 
impressions are presented: 

1. This group contained two widely differ- 
ing types of cases: (a) patients who were vir- 
tually moribund when first seen, constituting 
more than half the number, and on whom no 
operation could be done effectively; (b) the 
remainder, who responded fairly promptly to 
palliative operation or to nonsurgical meas- 
ures and who subsequently showed no cause 


for the obstruction and suffered no recurrence 
of it. 

2. Only in this second group (4 cases) 
among all types of obstruction, did nonsurgi- 
cal methods of treatment prove of value in 
safely avoiding operation. This result was, 
however, entirely unpredictable in the in- 
dividual case. 


GENERAL OBSERVATIONS 


Our experience with these patients led to 
certain impressions which might be briefly 
summarized: 

1. Acute intestinal obstruction in our pa- 
tients over 60 was an extremely serious acci- 
dent, carrying a mortality rate of 57 per cent 
from all causes and of 47 per cent from directly 
related causes (11). 

2. This high mortality was influenced by 
several factors. These factors had to do funda- 
mentally with the obstruction itself and its 
treatment rather than with the patient’s age 
and his coexisting ailments: 

a. Duration of the obstruction. The longer 
the condition existed, the poorer the chance of 
recovery (7). 

b. Location of the obstruction. Obstruc- 
tions involving the small bowel primarily, of 
whatever nature, were more lethal than those 
of the large bowel. Their onset was more 
acute, their deteriorating effect more rapid, 
and the threat of gangrene greater (5). 

c. Nature of the obstruction. Obstructions 
due to tumor, usually occurring in the large 
intestine, were habitually discovered quite 
late and showed a low survival rate. When due 
to hernia, adhesions, or foreign bodies, the 
condition was more severe and abrupt in on- 
set. In proved volvulus, perhaps due to more 
frequent and earlier interference with the 
blood supply, the overall results were worst. 

d. Method of treatment. Delay in furnish- 
ing relief of the distention, with or without the 
need for appropriate disposition of gangrenous 
gut, added to the hazard. This delay seemed 
hardly justifiable beyond the time required to 
empty the stomach and to correct depletion of 
fluids and electrolytes and, when necessary, to 
administer blood (2, 8, 5, 9). 

Prolonged attempts at intubation increased 
the delay and did not improve the patient’s 
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chances of survival (5). The mortality among 
patients operated upon within 24 hours was 
39 per cent as contrasted with 60 per cent in 
those treated by intubation over 24 hours. In 
only 4 instances of 30 cases in which it was 
employed as definitive treatment did pro- 
tracted intubation avert operative interven- 
tion, while 5 patients thus treated died with- 
out operation. When the cause of the obstruc- 
tion was recognized, as in hernia, or demon- 
strated tumor, justification for continued in- 
tubation was not easy to establish. 

Intubation of the stomach with Wangen- 
steen suction was a necessary preoperative 
therapy and a most valuable postoperative 
measure. The Miller-Abbott tube demon- 
strated its greatest usefulness in the post- 
operative period (3). 

Best results were achieved when the oper- 
ation performed was the simplest which would 
relieve obstruction ‘and eliminate the danger 
of gangrenous gut. Formidable resections and 
correction of incidental pathology increased 
mortality when undertaken in the presence of 
acute obstruction (5). 

The use of general anesthesia did not con- 
stitute a serious hazard either at operation or 
in the postoperative course (6). Spinal anes- 
thesia was not satisfactory when employed in 
this age group. 

Supportive treatment, the liberal use of 
blood and protein hydrolysates, the antibiot- 
ics, and early rising proved valuable adjuncts 
to postoperative recovery. Pneumonia and 
renal insufficiency were the most troublesome 
unrelated complications. Kidney dysfunction 
had frequently to be combatted and was occa- 
sionally fatal. Overuse of salt and waterlog- 
ging needed to be guarded against (2). 

e. Age and condition of patient. These 
seemed to be factors of secondary importance 
as compared with the preceding ones. Age 
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and its diseases affected mortality adversely 
in two ways. First, by diminishing the resist- 
ance of the individual to the deteriorating ef- 
fects of the obstruction. This was an impon- 
derable factor. Second, by providing a fairly 
constant though low percentage (10 per cent) 
of late fatalities from conditions not directly 
attributable to the obstruction or its treat- 
ment, but rather to the patient’s pre-existing 
or coexisting ailments. 

3. In view of the foregoing findings it is 
believed that in patients suffering from acute 
intestinal obstruction old age with its inci- 
dental ailments should not serve as a deterrent 
or as an encouragement to procrastination or 
palliative measures, but rather as a spur and 
incentive to the surgeon to undertake prompt 
and simple operative measures for relief. 
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REGENERATION OF THE LIVER IN THE DOG 
AFTER PARTIAL HEPATECTOMY 


Role of the Venous Circulation 


JOHN H. GRINDLAY, M.D., F.A.C.S., and JESSE L. BOLLMAN, M.D., Rochester, Minnesota 


N a dog, when all of the blood from the 
portal vein is shunted into the inferior 
vena cava, the liver becomes smaller and 
the dog can be maintained only by con- 

stant and special care; this has been known 
and studied for many years. The observation 
has caused some physicians in recent years to 
be concerned lest operations which divert all 
or part of the portal blood into the vena cava, 
in order to diminish pressure in collateral 
veins of the portal system in cirrhosis of the 
liver of man, should have a harmful effect on 
the liver. If most or all of the blood from the 
portal system is diverted into the systemic 
venous system by way of collaterals, a condi- 
tion which can be brought about in dogs by 
gradual constriction or occlusion of the portal 
vein where it enters the liver, the liver be- 
comes smaller. The question, why does al- 
teration of its portal blood supply by these 
procedures have an adverse effect on the liver 
of the normal dog, has incited considerable 
old and new research on the role of the venous 
circulation of the liver. The present report 
will describe results of experiments in which 
the venous circulation to or in the region of 
the liver was altered and the effects on the 
liver were judged according to its capacity to 
regenerate; no such study can be complete, 
except within its scope, and ours is to be con- 
sidered only as a step in a program which we 
are carrying on to learn more about the role 
of the venous blood supply of the liver. 
Earlier studies have already imparted much 
(1-6). It has been observed that a shunt from 
the vena cava to the portal vein in which the 
_ From the Division of Experimental Medicine, Mayo Founda- 
tion, University of Minnesota. Presented in the Forum on 
Fundamental Surgical Problems before the Clinical Congress of 


the American College of Surgeons, San Francisco, California, 
November 5 to 9, 1951. 


vena cava and not the portal vein is occluded, 
a reverse Eck fistula, does not impair the 
health or affect the liver of a dog. Nor, when 
the portal vein is occluded at a second opera- 
tion in such a dog, is the liver affected. Again, 
resection of part of the liver in a dog with a 
portacaval shunt will not be followed by an 
increase in size of the remnant when the portal 
vein is ligated (true Eck fistula). 

This report will describe experiments on 
dogs in which 70 per cent of the liver was re- 
moved and the degree of restoration which 
followed was estimated. Experiments were 
performed on normal dogs and on dogs in 
which either the portal vein or the inferior 
vena cava or both were constricted at some 
time in relation to partial hepatectomy. 


METHODS 


Healthy, adult, mongrel dogs were used in 


this study. All operations were performed 
with the usual aseptic technique and with the 
dog under ether anesthesia, the latter being 
administered by an insufflation machine in 
all operations performed through the chest. 
Partial hepatectomy was performed through 
an incision in the tenth right interspace and 
an incision in the diaphragm which extended 
from the ventral end of the thoracotomy in- 
cision to the tendon, and thence along the 
tendon laterally. The diaphragmatic attach- 
ment of the left lobe of the liver was divided, 
and the two left lobes and the large, bifurcated 
gallbladder lobe were delivered through the 
opening in the diaphragm. Each of these lobes 
was completely removed by clamping and 
dividing its pedicle. The stump of each pedi- 
cle was ligated with one or two heavy, cotton, 
transfixing ligatures. Fragments of crushed 
or devitalized liver were removed, and the 
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diaphragmatic and thoracotomy incisions 
were closed. After the gallbladder had been 
removed, the resected lobes of liver were 
weighed. The weight in grams was taken to 
be 70 per cent of the weight of the whole liver 
before resection because we had found that in 
similar resections on recently killed dogs with 
normal livers we removed between 68 and 73 
per cent of the liver. 

At the time of necropsy the remaining lobes 
of the liver were removed and weighed. The 
weight was compared with the calculated 
weight of liver left after partial hepatectomy, 
that is, 30 per cent of the calculated weight 
of the whole liver, or three sevenths of the 
weight of the resected lobes. When no regen- 
eration occurred, the weight of the remnant 
at the time of necropsy was approximately 
the same as the estimated weight of the rem- 
nant at operation. Subtraction of the calcu- 
lated weight of the original remnant from the 
weight at necropsy gave the number of grams 
of liver that had regenerated. For conveni- 
ence, we have expressed the latter figure in 
terms of percentage, by dividing it by the cal- 
culated weight of the original remnant and 
multiplying by 100. 

Constrictions of the inferior vena cava and 
portal vein were produced by a method that 
we have described (7) and used in many 
studies. In the present experiments a strip of 
laminated cellophane tape was passed twice 
about the vein and drawn up tightly enough 
as it was tied to reduce the diameter to a little 
more than half. The fibrosis which such bands 
caused led in 2 to 3 weeks to local constriction 
of the vein to an internal diameter of about 2 
to 3 millimeters. In some experiments the 
vein was completely ligated before or at the 
time of hepatectomy; such a precaution, how- 
ever, appeared to be unnecessary because the 
usual stricture was so great that little or no 
flow of blood could occur. In 3 experiments 
we released the stricture on the portal vein 
before or after partial hepatectomy by re- 
moving the cellophane band and dividing the 
constricting fibrous band. 

The technique used for portacaval shunts 
was the side-to-side anastomosis technique 
used in this laboratory for many years. In one 
experiment the shunt was made at the time of 
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hepatectomy through the thoracicoabdomi- 
nal incision. 

At the end of the study the dogs were anes- 
thetized, and a laparotomy was performed. 
The presence of abnormal development of 
collateral veins was noted. Pressures in the 
portal vein and the inferior vena cava were 
measured by water manometers attached to 
flexible plastic tubes which had been inserted 
into these veins through a branch of the splenic 
or the femoral vein. Zero pressure was based 
on the anatomic level of the vena cava. The 
dogs were then killed, and a necropsy was done. 


HEPATIC REGENERATION 


The gross appearance of the liver at the 
time of necropsy was distinctly different in 
experiments in which the calculated gain in 
weight was relatively large from its appear- 
ance in experiments in which the gain was 
relatively small. In the latter the liver was 
soft and flabby, the lobes were thin and their 
edges were sharp, and liver markings were ab- 
sent on the surface and cut surface. When the 
gain in weight was considerable, the liver was 
firm, the lobes were thick and their edges were 
rounded, and liver markings were conspicu- 
ous. The differences did not appear so great 
at histologic examination as grossly. All of 
the livers appeared quite normal. However, 
the sinusoids were slightly wider and con- 
tained more blood and the parenchymal cells 
were slightly larger in sections taken from the 
livers which had regenerated to a significant 
degree as compared to normal livers or the 
livers which showed little regeneration. 

Some degree of regeneration, as was mani- 
fested by the difference between the number 
of grams that the liver weighed at the time of 
death and its calculated weight at the time of 
partial hepatectomy, was shown by all dogs 
which survived longer than a few days. 

Normal dogs (9 dogs). All of the normal dogs 
survived partial hepatectomy and recovered 
quickly from the operation. At the time of 
necropsy, 30 to 42 days after operation, they 
were at their preoperative weight and in ex- 
cellent condition. The livers of all the dogs 
showed a marked degree of regeneration, the 
mean regeneration for the group being 233 
per cent (S.E. +23) (Table I). . 


‘ 
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TABLE I.—REGENERATION AFTER PARTIAL HEPATECTOMY (70 PER CENT) 





Conditions 


Dogs — wien, 


Liver 
removed, 
gm. 


Per cent of 
original weight 
at necropsy ft 


Days between | Liver weight 
hepatectomy at necropsy, 
and necropsy gm. 


Per cent 
regeneration* 





Normal tot 1 


183+ 10 


30—42 260+ 20 233+ 23 100 








Reverse Eck fistula I3+1 


246415 





30—60 323425 212+ 24 92 





Portal vein occluded 





Only constriction of portal vein 


116417 


30-105 72£9 47412 





+Constriction released 


185+ 30 


35-75 177£12 13333 





+Caval constriction 


196+ 14 


31—120 181+ 32 126+ 23 





+Caval constriction later a 


130+ 23 


30-71 148+6 181+ 53 





+Thoracic inferior caval constriction) 2 14 193 


75—80 240 184 








+Reverse Eck fistula | 2 16 207 














30-35 275 124 








*233 per cent regeneration—original liver weight. . 
130 per cent of original weight at necropsy—no regeneration. 
{The figures after + represent the standard error of the mean. 


Pressure in the inferior vena cava and the 
portal vein was measured in 7 of the 9 dogs 
(Table II) at intervals of about 1 week and 2 
weeks after operation, and just before necrop- 
sy. At 1 week internal portal pressure was 
greater than normal, being 18 to 21 centi- 
meters of water, and caval pressure also was 
greater than normal, being 7 to 9 centimeters 
of water. A month after partial hepatectomy 
portal and caval pressures had decreased to 
nearly normal levels, 12 to 15 centimeters for 
the portal pressure and 3 to 5 centimeters for 
the caval pressure. In 3 dogs there appeared 
to be slight engorgement of the portal veins; 
the others had no engorgement, and in none 
had portal collateral veins developed. 

Reverse Eck fistula (3 dogs). The dogs with 
reverse Eck fistulas, a portacaval anastomosis 
with ligation of the vena cava between the 
anastomosis and the liver, were like normal 
dogs in that they were in excellent general 
condition at the time of necropsy 30 to 60 days 
after partial hepatectomy. The reverse Eck 
fistula was made 2!4 months before hepa- 
tectomy in 2 dogs in which the regeneration 
was 175 per cent and 205 per cent respectively. 
The reverse Eck fistula was made at the time 
of partial hepatectomy in the other dog; re- 
generation of the liver was 256 per cent. 

Portal and caval pressures taken before 
necropsy were about the same for each dog; 
the lowest pressure was 13 centimeters (both 
vessels) and the highest was 18 centimeters of 
water. There was only slight engorgement of 


the portal system and a slight degree of devel- 
opment of portal collateral circulation in these 
dogs. On the other hand, development of 
caval collateral circulation, as manifested by 
large, tortuous veins in the abdominal wall, 
was marked. 

Portal constriction (6 dogs). After hepatec- 
tomy all the dogs with constriction of the 
portal vein did very poorly. There were 16 
dogs in this group but only 6 lived longer than 
a week. Of the other 10 dogs, 1 died in a week 
and 9 died within the first 3 days. At the time 
of operation, when partial hepatectomy was 


TABLE II.—VENOUS PRESSURES 
(CM. OF WATER) 


| 





After partial 


Liver unaltered* hepatectomy 





Venous alterations 


Inferior | Portal 
vena cava} vein 


Inferior | Portal 
vena caval vein 





Normal dogs —2 to +3| 7 to 11 9 to 3ft | 21 to 12t 





Reverse Eck fistula 5 to 20 | 3 to12 | 13 to 18 | 13 to 18 





Portal vein occluded 





Only constriction of por- 


tal vein —2to+2| 8torr 8 to 13 





+Constriction released | 18 to 19 





+Caval constriction 4to18 9 to 22 15 to 22 








+Thoracic inferior caval | 


constriction g tors | 12 to 20 Io } 1s 














+Reverse Eck fistula 


*From Volwiler and associates (7). 

¢In normal dogs the higher figure is the one obtained at 1 or 2 weeks 
after partial hepatectomy. The lower figure was obtained 4 to 5 weeks 
after partial hepatectomy. In other groups the pressures were taken 
before necropsy. 


7 to 11 6 to 16 | 13 to18 | 13 to 22 
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performed, the livers of these dogs appeared 
small. The lobes were thin, and the edges 
were sharp. The body weight was slightly 
less at the time of partial hepatectomy than 
it had been several months before when the 
cellophane band was applied to the portal 
vein, and it was considerably less at the time 
of necropsy. Of the 6 dogs which survived 
partial hepatectomy and lived at least 30 days 
2 died and 2 were moribund when killed. 

The regeneration of the liver in the group 
of 6 dogs was low, the mean being 47 per cent 
(S.E.+ 12). The greatest degree of regenera- 
tion (81 per cent) was in a dog maintained for 
105 days. Yet this dog, like the others, failed 
slowly and was in poor condition when killed. 

Venous pressures could be determined in 
only 2 of the 6 dogs, and both of these dogs 
were thin, weak and anemic, and required 
very little anesthetic. In both the caval pres- 
sure was 1.5 centimeters of water while portal 
pressures were 7.5 centimeters and 13.3 centi- 
meters. Marked engorgement of the portal 
system and marked development of portal 
collateral circulation were noted in all the 
dogs of this group at the time of partial 
hepatectomy and at necropsy. The inferior 
caval system appeared normal. 

Constriction of portal vein released (3 dogs). 
Removal of the cellophane band and division 
of the fibrous band constricting the portal vein 
were performed in 1 dog 2 months before 
partial hepatectomy and in 2 dogs 1 month 
after hepatectomy. All 3 dogs gained weight 
after the stricture was released. The dog in 
which release had been performed before par- 
tial hepatectomy had a normal-appearing 
liver at the time of hepatectomy; and at the 
time of necropsy, 35 days later, it had 196 
per cent regeneration of the remnant of the 
liver. The other 2 dogs were almost moribund 
when their portal strictures were released, and 
their remnants of liver then showed no signs 
of regeneration. Thereafter they gained 
weight and improved generally rapidly. One 
of these, killed 75 days after partial hepatec- 
tomy, had 87 per cent regeneration of liver; 
and the other, killed 60 days after hepatec- 
tomy, had 115 per cent regeneration. 

The portal pressure of these 3 dogs just 
before necropsy was 18 to 19 centimeters of 


water, and the caval pressure was 4 to 5 centi- 
meters. Collateral circulation and engorge- 
ment of the portal system, which were ob- 
served at the time of partial hepatectomy, did 
not disappear and were present at the time of 
necropsy. Caval engorgement and prominent 
veins of the anterior abdominal wall were 
found at necropsy in only 1 dog, a dog in 
which the principal region of regeneration was 
the caudate lobe and process, and in which 
the liver surrounded and compressed the vena 
cava. 

Portal and caval constriction (6 dogs). The 
general condition was good and the liver ap- 
peared quite normal at the time of partial 
hepatectomy in the 6 dogs with constriction 
of both the portal vein and the vena cava. 
All the dogs survived hepatectomy, and only 
I was in poor condition when it was killed. 
The mean regeneration of liver was 126 per 
cent (S.E.+ 23). Complete or nearly com- 
plete stricture of the vena cava and the portal 
vein was present in 3 of the 6 dogs; in 1, killed 
at 31 days, regeneration was 113 per cent; and 
in 2 dogs, killed at 120 days, regeneration was 
190 per cent and 204 per cent. In the other 
3 dogs, including the one in poor general con- 
dition, constriction of the portal vein was 
marked, but the diameter of the vena cava 
at the point of constriction was 5 millimeters 
in 2 dogs and only slightly reduced in the other. 

The differential between portal and caval 
pressure was less than normal in this group of 
dogs, pressures in the portal vein being 15 to 
22 centimeters of water (average, 17.2 cm.) 
and in the vena cava 8 to 19 centimeters 
(average, 13.0). Portal congestion and col- 
lateral development were marked. Congestion 
of the inferior caval system and collateral 
circulation in the abdominal wall were marked 
in the 3 dogs with the greatest constriction of 
the vena cava, but less marked in the others. 

Portal constriction, caval constriction later (3 
dogs). In 2 dogs which had constrictions of 
the portal vein, cellophane bands were placed 
around the vena cava just caudal to the liver 
at the time of partial hepatectomy. Both 
survived and were in good condition when they 
were killed. A band was placed on the third 
dog 1 month after partial hepatectomy, when 
the dog was in such poor condition that it was 
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doubtful whether it would survive adminis- 
tration of an anesthetic. However, the dog 
survived, began to improve, and was in good 
condition when killed 71 days after partial 
hepatectomy. The mean regeneration of these 
dogs was 181 per cent (S.E.+ 53). 

Portal and caval pressures, engorgement of 
veins and development of collateral circula- 
tion were the same in these dogs as in those in 
which both the portal vein and the vena cava 
had been constricted before hepatectomy. 

Portal constriction, thoracic inferior caval 
constriction later (2 dogs). One month after 
partial hepatectomy had been performed in 
2 dogs which had constrictions of their portal 
veins, at a time when the dogs were in poor 
general condition, cellophane bands were ap- 
plied around the vena cava just above the 
diaphragm. Until abdominal ascites began 
to develop, shortly before these dogs were 
killed 75 to 80 days after hepatectomy, they 
improved steadily. Liver regeneration was 
158 per cent for 1 dog and 210 per cent for 
the other. The livers of both dogs, although 
they appeared congested, showed the usual 
signs of hypertrophy. The abdomens of both 
dogs were moderately distended by clear, 
faintly yellow fluid. 

About the same degree of venous engorge- 
ment, collateral development and approxi- 
mately the same portal and caval pressures 
were seen as in dogs with constrictions of the 
portal vein and the vena cava below the liver. 

Reverse Eck fistula and ligation of portal vein 
(2 dogs). Before partial hepatectomy 2 dogs 
with reverse Eck fistulas (portacaval anasto- 
mosis and ligation of the vena cava above the 
shunt) underwent ligation of the portal vein 
between the shunt and the liver. These dogs 
were in good condition when they were killed 
30 and 35 days after hepatectomy, and hepatic 
regeneration was 103 per cent and 144 per 
cent, respectively. Pressure, venous engorge- 
ment, and collateral development were about 
the same as in the dogs with reverse Eck 
fistulas but with no obstruction of the portal 
tai COMMENT 

From this experimental study it would ap- 
pear, firstly, that the liver of the dog will not 
regenerate to a very great extent if the portal 


vein alone is obstructed, and secondly, that 
good regeneration will occur if the inferior 
vena cava is obstructed, even when the portal 
vein is also obstructed. The reasons for the 
difference in the capacity of the liver for re- 
generation in the presence of portal obstruc- 
tion, according to whether or not there is 
obstruction of the inferior vena cava, are not 
known and can be learned only by further 
study. It might be postulated that the liver 
needs to be well filled with venous blood for 
good regeneration to occur after partial hepa- 
tectomy, and that, when filling from the portal 
vein route is greatly restricted, any procedure 
which will produce filling of the hepatic veins 
will favor regeneration of the liver. If this 
postulation should be correct it is easy to see 
that a constriction of the vena cava above the 
liver will distend hepatic veins, but less easy 
to understand how constriction of the vena 
cava below the liver could have such an effect 
unless one makes a second postulation, one 
such as has been used to explain the difference 
in the livers of dogs with true Eck fistulas and 
dogs with reverse Eck fistulas and ligated 
portal veins. In the latter, occlusion of the 
vena cava below the liver makes the thoracic 
vena cava a vessel which carries blood only 
from the liver. Rhythmic stasis, or even re- 
verse flow, which might occur in the thoracic 
inferior vena cava during the respiratory 
cycle, might be reflected in hepatic veins. 

In an earlier study (7) we had observed that 
when only the portal vein was obstructed the 
liver seemed to shrink in size, and that when 
both the inferior vena cava below the liver 
and the portal vein were obstructed the liver 
did not appear to shrink. The present study 
makes it clear that this difference is reflected 
in the disparate capacity of the liver to re- 
generate in the two conditions. The study 
also brings out more emphatically the differ- 
ence that we had observed in the general 
physical condition, the poor condition of dogs 
with obstructions of the portal vein alone, as 
contrasted to the good condition of dogs with 
obstruction of both the portal vein and the 
inferior vena cava. We have found that the 
latter dogs appear to be in as good condition 
2 years after the two vessels have been ob- 
structed as they were before obstruction. 
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The experiments in which improvement of 
general condition and restoration of livers 
were brought about, in dogs with simple 
portal obstruction, by another procedure 
were of two types. In one, release of the con- 
striction of the portal vein was effective. In 
the other, a stricture of the vena cava was 
added to a stricture of the portal vein. The 
results we have obtained after release of the 
portal stricture support the hypothesis that 
venous filling of the liver encourages restora- 
tion after partial hepatectomy, and our results 
after constriction of the inferior vena cava 
support the hypothesis that distention of the 
hepatic veins might compensate in part for 
restriction of portal venous supply. 

Generally, portal and caval pressures in this 
study were a reflection of obstruction, being 
high in either vessel when obstruction existed. 
There were, however, several exceptions to 
this generalization. After a portal stricture 
was released, portal pressure remained above 
normal, and collateral veins did not shrink 
appreciably. This finding should be studied 
further and over a longer period. Again, al- 
though it is not surprising that portal pres- 
sure was above normal for a while after partial 
hepatectomy and that the pressure declined 
as restoration of liver and of the portal bed 
occurred, it is surprising that caval pressure 
was high and fell concomitantly. Certainly, 
partial obstruction of the vena cava by a mass 
of regenerated liver was not the causative 
factor, or the pressure would not have fallen. 
The third apparent exception is probably not 
a real exception. That is, the finding of a 
normal portal pressure after partial hepatec- 
tomy in the 2 dogs with obstruction of the 
portal vein in which measurement was possi- 
ble indicates, more likely, the debilitated con- 
dition of these dogs. 


SUMMARY 


In dogs, the liver becomes considerably 
smaller when the portal vein is occluded 
whether or not a portacaval anastomosis is 
made. To study this phenomenon we have 
performed standard (70 per cent) hepatectomy 
in normal dogs and in dogs with various types 
of obstruction of the portal vein and the vena 
cava, and have compared degree of regenera- 
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tion of the liver as well as pressure and col- 
lateral development in the inferior caval and 
portal systems. 

Very little regeneration occurred in dogs 
with occlusion or severe constriction of the 
portal vein, and the general condition of these 
dogs declined rapidly. However, release of 
the portal stricture or obstruction of the vena 
cava either below or above the liver resulted 
in much greater degrees of hepatic regenera- 
tion and general improvement in such dogs. 

Marked hepatic regeneration occurred in 
normal dogs, and almost as great degrees of 
regeneration were found in dogs having 
portacaval shunts and ligated venae cavae 
above the shunts. Good regeneration was ob- 
served in dogs with constriction of both the 
portal vein and the inferior vena cava below 
the liver, and in dogs with a portacaval shunt 
and ligation of both the vena cava and the 
portal vein. 

Inferior caval pressure and portal pressure 
were above normal a short while after partial 
hepatectomy in normal dogs. Portal pressure 
was high and portal engorgement and col- 
lateral development were marked in the portal 
system of dogs with constriction or obstruction 
of the portal vein, even in those dogs in which 
the stricture had been relieved. 

Caval pressure was high and collateral de- 
velopment was marked under all circum- 
stances in which the vena cava was constrict- 
ed or ligated. Caval pressure was the same 
as the portal pressure in experiments in which 
there was a portacaval shunt. 
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STUDIES ON FLASH BURNS: THE PROTECTIVE EFFECTS 
OF CERTAIN FABRICS 


JOHN H. MORTON, M.D., HARRY D. KINGSLEY, M.D., and 
HERMAN E. PEARSE, M.D., F.A.C.S., Rochester, New York 


LINICAL studies of flash burns em- 
phasized that these burns were large- 
ly confined to exposed skin areas and 
that clothing afforded a high degree 

of protection against burning. In reporting 
the Pearl Harbor experience, Eckert and 
Mader wrote: “Only exposed surfaces were 
burned; even an undershirt or shorts appeared 
sufficient to protect the areas covered from 
being burned.” Reports from Hiroshima and 
Nagasaki indicated that, although most flash 
burns were confined to exposed areas, a few 
cases were seen in which burning occurred 
through one or more layers of clothing (6). It 
was also noted that dark clothing, which has a 
low radiant energy reflectance, afforded less 
protection than white clothing. Further clini- 
cal observations (5) indicated that clothing 
wet with perspiration and adherent to the 
skin might have been responsible for some of 
the burns on covered areas. 

A more precise knowledge of the protection 
afforded by clothing was desirable. The pres- 
ent experiments were designed to study the 
skin burns produced by a brief exposure to 
high intensity radiant energy when the skin 
was covered by certain fabrics and fabric 
combinations. The changes in protection due 
to dyeing and to moistening some of the fab- 
rics were also tested. 


MATERIALS AND METHODS 


This work was carried out with the carbon 
arc searchlight described in the threshold 
burn studies previously reported (3). A simi- 
lar group of Chester White pigs was used, and 
their preburn and postburn treatment was 
identical in the two studies. In some cases the 
same animals were used in both experiments. 


_ From the Atomic Energy Project and the Department of 
Surgery of the School of Medicine and Dentistry, The University 
of Rochester, Rochester, New York. 
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The fabric or combination to be tested was 
attached to the inner surface of the perforated 
transite shield and the animal positioned in 
gentle apposition to it. All experiments were 
done with a 1 second exposure and with varia- 
tions in the incident energy so that the results 
would be directly comparable with those ob- 
tained in the threshold studies on unprotected 
skin. 

The fabrics studied were herringbone twill 
cotton, linen, water-repellent sateen, wool 
serge, silk, and two batches of cotton under- 
shirt fabric. Herringbone twill was a rough 
fabric of greenish-brown color. It had a rela- 
tively porous weave and showed moderate 
transmission of a flashlight beam when the 
light was held directly against the material. 
The linen had a rough texture, a slightly irreg- 
ular surface, and a light yellow color. Its 
weave was quite porous, and a flashlight beam 
was readily transmitted. Sateen was a green- 
ish-brown fabric with a smooth, slightly shiny 
surface. It was closely woven and transmit- 
ted a flashlight beam poorly. Serge was a 
rough, heavy material of olive drab color. Its 
weave and light transmission were essentially 
like that of sateen. Silk was a thin, shiny 
white material with a slightly irregular sur- 
face. Although it was closely woven, this ma- 
terial was thin enough to transmit light about 
as well as linen. The two batches of cotton 
undershirt fabric were of similar appearance. 
Both were thin, white, loosely knit materials 
which transmitted light about as readily as 
linen or silk. In certain experiments batch A 
of undershirt material was dyed black. Dye- 
ing this material decreased its light transmis- 
sion slightly. 

Light transmission was also measured by 
using an Ansco-Sweet densitometer. Densi- 
tometer readings for single layers of the fab- 
rics were as follows: 
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Dry Wet 
2.65 o:92 


) 3.0 
) 3.0 )3.0 
0.81 
0.76 


0.79 


0.73 
Undershirt B 
Undershirt A black 


*Note: 3.0 was the limit of the instrument used. 


1.54 


These measurements confirmed the visual 
impression gained with the flashlight beam. 


The two undershirt materials were tested in 
combination with the other fabrics. In the 
cloth combinations, the two layers were placed 
together in front of the animal with the under- 
shirt material against the pig’s skin. Her- 
ringbone twill, sateen, and serge were tested 
in combination with batch A, and silk and 
linen with batch B. In another study using 
batch B, the fabrics were reversed and her- 
ringbone twill was placed against the animal’s 
skin with the undershirt material outside. 
Also, a series of experiments was done using 


TABLE I.—FABRICS AND FABRIC COMBINATIONS 
TESTED 


No. of No. of 
experiments} animals 





No. of 


Material Sarak 





Herringbone twill 39 6 





Sateen 47 





Serge 61 





Linen 47 


Silk 47 








Undershirt material, batch A 87 





Undershirt material, batch A black 48 





Undershirt material, batch B 30 





Herringbone twill and undershirt 
material A 60 





Sateen and undershirt material A 57 





Serge and undershirt material A 63 





Linen and undershirt material B 50 





Silk and undershirt material B 48 





Undershirt material B, two layers 46 





Undershirt material B and herring- 
bone twi 53 





Herringbone twill wet 63 





Sateen wet 62 





Serge wet 58 





Undershirt material A, wet 43 














Undershirt material A, black wet 48 
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two layers of undershirt material, batch B, in 
front of the animal. 

Herringbone twill, sateen, serge, batch A of 
undershirt material, and black undershirt ma- 
terial were also tested after being moistened. 
The fabric was allowed to stand in tap water 
until thoroughly soaked. It was then removed 
from the water and any excess moisture re- 
moved by gentle blotting with a paper towel. 
The fabric was then placed in front of the 
animal and the exposure carried out immedi- 
ately before further drying could occur. In 
several experiments normal saline was sub- 
stituted for tap water without altering the 
results. 

In these studies a series of 5 to ro burns was 
produced in each experiment. The total num- 
ber of burns, experiments, and animals used 
in each group is shown in Table I. 


RESULTS 


The grading system described in the thresh- 
old studies (3) was also used in these experi- 
ments. A o response indicated no damage on 
gross examination at 24 hours. Erythema 
alone at 24 hours was labelled 1+. Burns 
with central or patchy surface coagulation 
were called 2+, and burns completely cov- 
ered with coagulation were labelled 3+. In 
the threshold studies a 4-++ burn showing car- 
bonization was also recognized. In the present 
studies, however, no attempt was made to 
distinguish a 4+ from a 3+ lesion. When 
fabrics were charred through and adherent to 
the skin, it was difficult or impossible to know 
if the skin was carbonized. Also, with the 
darker fabrics, dye transfer occurred at the 
higher intensities, giving a brown color to the 
coagulum in the absence of carbonization. 
Consequently, all burns greater than 2+ were 
termed 3+ in the present study. The clinical 
course of these lesions was observed and ap- 
peared to be identical with lesions of similar 
grade on unprotected skin. 

The results of these experiments are listed 
in Table II. Effects noted on fabrics as well 
as on the skin are shown. A detailed tabula- 
tion of the data on which this table is based 
has been published in a preliminary report 
elsewhere (4). As mentioned, dye transfer to 
the animal’s skin was regularly noted when 
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Mid Calories to produce burn 
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Fig. 1. Protection afforded by single layers of the fab- 
rics. Exposures of energies in the dark area of the bar pro- 
duced burns with coagulation (2+ or greater); to energies 
in the lighter area of the bar, burns with erythema (1+); 
to energies below the bar, no burn. 


the darker fabrics (herringbone twill, sateen, 
serge, undershirt material dyed black) were 
exposed to the higher intensities. However, 
dye transfer did not occur when these same 
materials were exposed while wet, but cuta- 
neous damage occurred none the less. The re- 
sults in all experiments were reasonably con- 
sistent except those obtained by using her- 
ringbone twill and sateen with undershirt 
material. In both instances the amount of 
protection afforded was less in late experi- 
ments than in earlier ones. Apparently the 
fabrics themselves altered somewhat in the 
course of several months although there was 
no obvious change. 

Figures 1 to 3 show the calories necessary to 
produce 1+ and 2+ burns in the various ex- 
periments, as compared with the threshold 
values for unprotected skin (3). 


DISCUSSION 


The caloric values listed in Table II indi- 
cate the energy incident on the surface of the 
fabric. By using these values, a direct com- 
parison can be made between burns behind 
fabric and burns on unprotected skin. No 
measurements were made of the calories trans- 
mitted through the fabrics to the skin. These 
figures are of interest and will be measured in 
future studies. 

It was discovered that the effects of the 
radiant energy on fabrics were not a good in- 
dication of what was happening to the skin 
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Fig. 2. Protection afforded by fabric combinations. See 
legend for Figure tr. 
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behind them. In every experiment there were 
skin burns produced when there was no obvi- 
ous damage on the surface of the fabric next 
to the animal’s skin. In many cases severe 
burns with skin coagulation occurred although 
no damage was visible on either surface of the 
cloth. 

Using as standards the values of 3 and 5.5 
calories per square centimeter to produce 1+ 
and 2+ burnsrespectively on unprotected skin 
(3), the calories of protection afforded by the 
various fabrics and fabric combinations are 
recorded in Table III. Among the single layers 
of dry fabric, batch B of undershirt material 
afforded the greatest amount of protection de- 
spite the fact that the fabric transmitted light 
well. Two layers of this same material proved 
the most effective combination. 
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Fig. 3. Protection afforded by dry and wet fabrics. 
legend for Figure 1. 
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TABLE II.—THRESHOLD RADIANT ENERGY RE- 
QUIRED TO PRODUCE SKIN BURNS BEHIND 


TABLE III.—AMOUNT OF PROTECTION AFFORDED 
BY VARIOUS FABRICS AND FABRIC COMBI- 
NATIONS 





FABRICS AND TO PRODUCE FABRIC DAMAGE 








Threshold Minimal cal./cm.? 

cal./cm.? needed for fabric 
: needed to produce damage 
Fabric 





Arc Animal 
t+ burnj2-+ burn surface | surface 





Herringbone twill 5-5 7 10.5 





Sateen 5 ‘ 10.5 





4 
Serge 6 : 15.5 





Linen ‘ j ; Il.5 
Silk : : II 
Undershirt material, batch A 2 : : Sars. 











Undershirt material, 
batch A black 





Calories of protection 
compared to 
unprotected skin: 





1+ burn 2+ burn 
Herringbone twill 2.5 








Sateen 1.5 





Serge 





Linen 


Silk 








Undershirt material, batch A 





Undershirt material, batch A black 





Undershirt material, batch B 





Undershirt material, batch B 


Herringbone twill and undershirt material A 





Herringbone twill and undershirt 
material A 





Sateen and undershirt material A 





Serge and undershirt material A 





Linen and undershirt material B 





Silk and undershirt material B 





Undershirt material B, two layers 





Undershirt material B and her- 
ringbone twill 


Sateen and undershirt material A 





Serge and undershirt material A 





Linen and undershirt material B 





Silk and undershirt material B 





Undershirt material B, two layers 





Undershirt material B and herringbone twill 





Herringbone twill wet 





Sateen wet 





Herringbone twill wet 


Serge wet 6.5 





Sateen wet 


Undershirt material A, wet 2.5 





Serge wet 9-5 





Undershirt material A, wet $.§ 

















Undershirt material A, black wet 3.5 . >11 


Notes: Values are based on a 1 second exposure in all cases. When a 
figure is preceded by the symbol (>), exposures at higher levels were not 
carried out, but the recorded value produced no fabric damage. 





The studies with white and black under- 
shirt material afforded a demonstration of the 
importance of fabric color as it influenced skin 
protection. The white fabric gave about 1.5 
calories per square centimeter more protection 
from erythema and 4 calories per square centi- 
meter from coagulation than did the same 
cloth dyed black. 

When two layers of cloth were used, the 
protection afforded (Table III) was not neces- 

‘sarily additive. In this respect there was a 
difference between dark and light fabrics in 
combination with the undershirt material. Us- 
ing linen or silk in combination or two layers 
of undershirt material, the experimental re- 
sults were in close agreement with those pre- 
dicted by adding the amount of protection af- 








Undershirt material A, black wet 0.5 


Note: Using a 1 second exposure, threshold values on unprotected skin 
ee 3 _ to produce a 1+ burn and 5.5 cal./cm.? to producea 2+ 
urn (3). 





forded by each of the two layers. When her- 
ringbone twill, sateen, or serge was used in front 
of undershirt material, however, the protection 
afforded was less than the predicted value in 
each case. Actually, the combination with 
either herringbone twill or sateen afforded less 
protection from coagulation than did a single 
layer of undershirt material alone. In the re- 
versed experiment, however, when undershirt 
material was placed in front of herringbone 
twill, exactly additive protection was found. 
It would seem that when a dark fabric was 
exposed to radiant energy, a significant amount 
of absorption and reradiation or conduction of 
heat through the undershirt material to the 
skin occurred. With the lighter colored fabrics, 
absorption of energy was less marked and the 
second layer did appear to afford additive 
protection. 
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During the course of these studies, two lots 
of undershirt material were used. They were 
the same material obtained from the same 
source and the two lots were identical in ap- 
pearance. However, there was a consistent 
difference in the degree of protection afforded, 
batch B giving greater protection than batch 
A. The reason for this difference was not ap- 
parent but was borne out by simultaneous 
experiments with the two materials on the 
same animal. 

The studies with wet fabrics showed con- 
siderable variation which depended to some 
extent upon the amount of moisture absorbed 
by the material. Serge had the greatest water- 
absorbing capacity of the materials tested and 
was considerably more protective wet than 
dry. The other fabrics absorbed a smaller 
amount of moisture and results differed little 
between the wet and dry state. Herringbone 
twill and undershirt material were somewhat 
less protective wet than dry. Both of these 
fabrics were darker in color in the wet state 
and this fact may have been responsible for 
the decreased protection. It was of interest 
that all the fabrics were much more resistant 
to damage in the wet state, but this change 
was not paralleled by a rise in skin protection. 

In these experiments all fabrics were posi- 
tioned in immediate apposition with the ani- 
mal’s skin. It was recognized that such close 
positioning was a somewhat artificial condi- 
tion which occurred infrequently with actual 
clothing. In future studies, the fabrics will be 
tested when placed at varying distances from 
the animal. 

In analyzing the different degrees of protec- 
tion given by the various fabrics, it seemed 
that the color was of greater importance than 
their weave, weight, or light transmission. 
Serge, the heaviest material tested, was the 
only one of the darker materials affording as 
much protection from coagulation as the 
lighter colored fabrics. Sateen, the material 
with the lowest light transmission, gave very 
little protection. 

Moritz and Henriques concluded from their 
studies that when animals were exposed to 
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flame temperatures over 1,000 degrees C., 
“the interposition of anything capable of im- 
peding heat transfer to the skin may be suffi- 
cient to make the difference between burning 
and absence thereof.” In the present study, 
all materials afforded some protection to the 
skin but the degree of protection was not 
marked in many instances. Apparently ther- 
mal radiation is so intense that a greater 
barrier to heat transfer is needed to prevent 
skin damage. 


SUMMARY AND CONCLUSIONS 


1. Studies of the effects of various fabrics 
and fabric combinations in protecting the skin 
of the anesthetized Chester White pig from 
flash burning were carried out. 

2. The effects of changing the color and 
of moistening certain of the fabrics were also 
tested. 

3. All fabrics afforded some protection but 
there was considerable variation in the extent 
of protection with different materials. 

4. It seemed that the color of the fabric 
was the single most important quality in de- 
termining the amount of skin protection. 
Light-colored fabrics were more protective 
than darker ones. 

5. The effect on the fabric itself was not a 
good indication of the changes in the animal’s 
skin. In all experiments, burns occurred when 
there was no apparent damage to the surface 
of the material touching the animal. 
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THE IMPORTANCE OF THE ESO- 
PHAGOGASTRIC VALVE MECHA- 
NISM IN SURGERY OF THE 
STOMACH AND ESOPHAGUS 


EGURGITATION of intestinal juic- 
es into the esophagus following 
surgery may create a problem as 

serious to the patient as the original disease. 
In the enthusiasm of accomplishing formid- 
able operations, hitherto considered too dan- 
gerous to use frequently, surgeons have often 
failed to consider the potential consequences 
of their efforts. The damaging results of 
esophageal reflux are more apparent follow- 
ing surgery for benign conditions, such as 
achalasia or esophageal varices, than for ma- 
lignant lesions. This is probably true be- 
cause these patients live longer, but if we 
wish to advocate radical surgery for cancer 
of the esophagus and stomach on the basis 
of greater curability, then we must reduce 
the high morbidity rate which follows these 
operations. Refinements in operative tech- 
nique should eventually accomplish this re- 


sult. The esophagus is extremely suscept- 
ible to the erosive action of acid pepsin juices 
but it is also susceptible to a lesser degree to 
intestinal juices. The persistent bathing of 
this tube with these fluids may lead to 
esophagitis, erosions, ulcerations, hemor- 
rhages, stenosis and a short esophagus. 
While this sequence of events may take 
place, it should be pointed out that there 
is a distinct variation in esophageal reaction 
to digestive juices. The reason is not known 
but may be related to a deficiency state. 
Individuals have been known to ruminate 
for years without developing esophagitis. 

The symptoms presented by a patient 
suffering from esophagitis are usually those 
of heartburn, substernal pain, gastric flatu- 
lence and partial regurgitation on lying 
down or bending over. An incompetent 
valve mechanism can be demonstrated by 
gastric pressure during roentgen examina- 
tion in the Trendelenburg position. Esoph- 
agoscopy will demonstrate the presence of 
esophagitis, erosion, or ulceration. 

Many operations on this region have been 
hurriedly reported as successful but, with 
the passage of time, multitudinous com- 
plaints, usually due to esophagitis, have 
arisen to plague the surgeon. British physi- 
cians have been foremost in pointing out 
the failure of plastic procedures which pro- 
duce an incompetent valve mechanism in 
the treatment of achalasia or cardiospasm. 
Barrett and Franklin in 1949, reported 16 
out of 19 cases showing definite evidence of 
esophagitis upon prolonged follow-up. Aillli- 
son of Leeds has corroborated these findings 
and now many American surgeons are re- 
porting their failure. Time has a habit of 
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disappointing early enthusiasms for new 
gastric operations. 

The valvular mechanism which prevents 
regurgitation into the esophagus is not too 
well known but the major factors can be 
identified. Lerche in his ‘‘Anatomical Stud- 
ies” has shown that there is an inferior con- 
strictor of the esophagus and a cardiac 
sphincter resulting from the purse-string ef- 
fect of the oblique gastric muscles about the 
lower end of the esophagus. Separating 
these is the gastroesophageal vestibule. 
These muscles must play a partial role in 
regulating the flow of food into the stomach 
and in closing the esophagus to regurgita- 
tion, but do not seem to be sufficiently 
strong to be independently important as a 
water-type seal. The intermittent inspira- 
tional pinch-cock mechanism of the dia- 
phragm can be observed at esophagoscopy. 
In addition the contraction of the right crux 
of the diaphragm pulls down and increases 
the angle the esophagus makes with the 


stomach. This action probably prevents 
the negative pressure in the chest during 
inspiration from sucking juices into the 


esophagus. The left-hand turn which the 
esophagus makes when it emerges from the 
hiatal sling of the diaphragm may be likened 
to the effective action of the levator ani on 
rectal control. Probably the strongest valve 
mechanism is the angle made by the 1 to 3 
centimeters of abdominal esophagus as it 
enters the stomach. The importance of the 
angle of entrance can be appreciated if one 
attempts to perform esophagoscopy through 
the stomach; it is almost impossible to do 
so unless traction is made on the lesser 
curvature. The pressure effect produced by 
the air bubble of the stomach on the ter- 
minal left side of the esophagus as it joins 
the upward curve of the stomach should 
have a flap valve effect. The interdigitation 
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of the cardiac rugae lubricated by the mucus 
glands of the lower esophagus and subject 
to the action of the underlying muscularis 
mucosa completes the complex components 
of Nature’s marvelous stopcock. Allison re- 
cently emphasized the importance of the 
elastic esophagophrenic ligament in preserv- 
ing the permanent relationship of this valve 
mechanism. Weakening of this ligament 
and the diaphragmatic muscles, along with 
the longitudinal contraction of the esoph- 
agus, allows the cardia to slide into the 
mediastinum, destroying the angle which 
the gullet normally makes with the stomach 
and opening the way to the possibility of 
regurgitation. 

The application of our present knowledge 
of valve control is well illustrated in the 
conservative and operative management of 
achalasia of the esophagus. Allison believes 
that the successful results of forcible stretch- 
ing of the narrowed segment is due to sub- 
mucosal rupture of the circular muscle fibers, 
leaving the other factors which prevent re- 
gurgitation intact. If dilatation fails to give 
relief and the symptoms warrant surgical 
intervention, the modified Heller operation 
of an adequate vertical incision through the 
constricted muscles down to the mucosa 
gives the best promises of doing the greatest 
good with the least harm. Both Barrett 
and Allison report a very high percentage of 
symptomatic relief without the complication 
of esophagitis. However their cases are still 
too few and too recent for final assessment. 
The one danger encountered from this oper- 
ation is perforation of the mucosa which 
should be recognized at the time and sutured. 

Allison’s contribution to the repair of 
sliding esophageal hernia appears to be im- 
portant. This is the type in which the stom- 
ach is pulled into the mediastinum along 
with apparent foreshortening of the esoph- 
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agus, thus producing a dumbbell-like effect 
with impairment of the valve mechanism. 
The primary indication for repair is the 
presence of esophagitis or ulcerations as di- 
agnosed by symptoms, esophagoscopy, and 
roentgen examination, and the failure of 
medical management. The latter consists 
of ulcer diet and medication, dilatation when 
necessary, and sleeping in the Fowler posi- 
tion. In children and in the aged this man- 
agement should be continued until severe 
symptoms justify surgical attack. In good 
risk patients, surgery should be given ear- 
lier consideration if ulceration and fibrosis 
of the esophagus are to be avoided. In re- 
pairing the sliding type of hernia Allison 
sutures the esophagophrenic ligament to the 
undersurface of the diaphragm. The hiatal 
defect is repaired posteriorly thus restoring 
the normal anatomical relationships. This 
new technique appears to be important 
though its permanent place in modern sur- 
gery must await the evolution of time. It 
is a simple procedure and at best can do no 
harm. If the success of this operation is 
demonstrated the advocates of the abdom- 
inal approach will lose their remaining ad- 
herents. 

It is distressing to both patients and sur- 
geons when a successful total gastrectomy 
for cancer of the stomach is marred by 
such disturbing postoperative symptoms as 
substernal pain and burning, reflux of intes- 
tinal juices into the mouth, and malnutri- 
tion. These complaints may be lessened by 
sleeping in the Fowler position together with 
frequent feedings of easily digested foods 
and supplementary medication, but the 
struggle for existence under these cizcum- 
stances is most discouraging and difficult. 
Despite this, there is an increasing advocacy 
for total gastrectomy in carcinoma of the 
distal end of the stomach. This is based on 


a study of the lymph node spread of the 
disease and involves block removal of the le- 
sion, greater and lesser omentum, the spleen, 
and perhaps a portion of the pancreas. 
In considering the merits of this approach 
a proper balance between the operative 
mortality and morbidity must be attained. 
There is very little reason to believe 
that by removing all of the stomach for 
cancer of the pylorus, a greater chance for 
cure is obtained even though there may be 
submucosal extension. The method of 
spread to lymph nodes is generally thought 
to be embolic rather than by permeation; 
thus, leaving a small portion of the fundus 
of the stomach but still removing adequately 
the growth and the lymph drainage area 
should be consistent with modern concepts 
for the cure of cancer. The obvious advan- 
tages are a lesser operative mortality and 
the prevention of the more disagreeable 
postoperative symptoms, because a small 
gastric reservoir remains and the valvular 
mechanism of the cardia is left intact. If 
the location of the tumor forces total gas- 
trectomy and there appears hope for cure, 
some method of re-establishing intestinal 
continuity must be devised which will per- 
mit the patient to live in comfort. The first 
requirement in that direction is to suppress 
any reflux of intestinal juices into the esoph- 
agus and second, to create, if at all possible, 
a storehouse for food. The use of a loop of 
jejunum with enteroenterostomy should be 
abandoned just as it has been in cholecysto- 
jejunostomy because reflux of juices is not 
altogether prevented. The principle em- 
ployed by the Roux Y technique with the 
blind end of the jejunum isoperistaltic and 
12 to 14 inches in length supplies the answer 
to the problem of esophageal regurgitation 
but offers no pouch for food storage. Swing- 
ing an isolated segment of jejunum of the 
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same length between esophagus and stom- 
ach should be even more effective, as direct 
contact of food with the duodenal juices may 
lessen digestive complaints. When the an- 
trum can be preserved, its anastomosis to 
the esophagus has been suggested. Whether 
this will prevent irritating esophageal re- 
gurgitation remains to be seen. The ingen- 
ious use of the cecum and ascending colon 
with a short piece of ileum attached, the 
latter sutured to the esophagus, establishes 
both a storage area and a valve. The mag- 
nitude of the operation may limit its appli- 
cation, but the principle is sound. The re- 
cently reported substitution of a portion of 
transverse colon for a stomach is interesting. 
When utilizing the Roux Y principle or a 
segment of small intestine between stomach 
and esophagus, looping the small intestine 
on itself for a distance and destroying the 
septum will make a small food pouch. 
These more recent methods of establish- 
ing intestinal continuity following total gas- 
trectomy indicate a solution for a happier life 
for those requiring radical surgery. Time 
alone will determine the best answer. 
While the knowledge of the cardioesopha- 
geal valve mechanism is not complete, its im- 
portance in preventing esophagitis and asso- 
ciated complications is becoming more gen- 
erally recognized. Surgeons performing op- 
erations on the esophagus or stomach should 
utilize methods which prevent regurgitation 
of acid peptic juices or intestinal juices into 
the esophagus. Ratpu H. Loe. 


SILENT CANCER OF THE LUNG 
AND TUMORS OF THE CHEST 


ITHIN the chest there exists a 
unique situation for the detection 
of silent disease. The air in the 
inflated lungs provides an excellent contrast 
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medium against which the abnormal tissue den- 
sities produced by disease are often discernible 
inthe roentgenogram before the lesions have ad- 
vanced beyond a silent or incipient stage. And 
certain lesions which are not directly visible 
may reveal their presence by such secondary 
evidences as emphysema and atelectasis. This 
fact led various health conscious institutions 
and public health agencies to initiate mass 
chest x-ray surveys to ferret out persons with 
silent or incipient pulmonary tuberculosis in 
the campaign to eradicate this communicable 
disease. For several years city, county, or 
state-wide mass surveys have been in progress 
in every state. As a result, the chests of a very 
large segment of our population have been 
screened through microfilms. In the surveys 
reported, the incidence of real and suspected 
abnormalities of the chest has varied from o.2 
per cent to 5 per cent. 

As anticipated, the surveys have brought to 
light many silent nontuberculous lesions, but 
the incidence has far exceeded expectations. 
It is interesting that in addition to the large 
number of silent pulmonary and mediastinal 
lesions, these studies revealed many instances 
of unrecognized abnormalities and diseases of 
the chest wall and spine, rheumatic and con- 
genital heart diseases, and malformations of 
the great vessels. 

Of utmost importance is the fact that a 
significant number of the silent lesions are 
proving to be bronchogenic carcinomas, dis- 
covered at a time when the prospect of cure by 
resection is most favorable. In no other in- 
ternal concealed organ does there exist a situ- 
ation which affords such an excellent oppor- 
tunity for making an early diagnosis of ma- 
lignant disease. To emphasize the importance 
of detecting bronchogenic carcinoma in the 
silent phase, one should recall Overholt’s ex- 
perience. All such survey lesions treated by 
him were resectable and 75 per cent showed no 
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evidence of lymphatic spread. In contrast, 
symptomatic lesions, those which required 
the attention of a physician, had extended 
beyond the lung itself in 90 per cent of 
instances. 

From the rather meager evidence available 
at this time, it is already apparent that the 
benefits which will be realized by the tumor 
suspects and nontuberculous survey subjects 
may exceed those of the tuberculous for whom 
the surveys were primarily conducted. Many 
persons are living and well and some presum- 
ably cured as a result of the early survey dis- 
covery of their bronchogenic cancers. Grati- 
fying as this is, the really significant contribu- 
tion that the surveys have made to the prob- 
lem of cancer is the impetus and direction that 
they have given for an expanded program for 
the early detection of this disease. It is obvious 
that surveys that screen individuals at in- 
frequent intervals as at present can detect 
only a very small percentage of silent broncho- 


genic carcinomas. For an effective approach 
to the problem it has been suggested that 
chest films be made of all persons over 40 
years of age every 6 months. The difficulties 
inherent in this type of program are obvious, 
but not insurmountable. Efficient plans of 


operation and a large personnel with adminis- 
trative know-how have already been devel- 
oped by survey groups. Agencies and large 
sums of money are available to implement a 
program and to carry out the necessary public 
education. Guiss recently reported that the 
unit cost of the mass survey conducted in Los 
Angeles County was $0.754 per person and 
that it required an expense of $396.00 to dis- 
cover each chest tumor suspect. 

It should be pointed out that the silent be- 
nign tumors and other nontuberculous surgi- 
cal lesions revealed by the survey studies ex- 
ceed the malignant tumors. The majority of 
these lesions are included in the tumor suspect 
group and in most instances should be ex- 
plored and usually resected for the reasons 
that (1) they are malignant until proved 
otherwise by histological examination, (2) 
certain ones have a propensity to undergo 
carcinomatous degeneration, (3) many of 
them will subsequently produce symptoms re- 
quiring resection. 

It is hoped that this brief discussion of an 
involved subject may bring increased effective 
interest in this, one of the largest and most 
promising fields in the campaign against 
cancer. J. Dewey BIsGarD. 
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HE fourth edition of Essentials of Modern Sur- 

| gery! prepared by Handfield-Jones and Porritt 

and 12 collaborators which has just been re- 

leased was surveyed with intense interest. The first 

edition appeared in 1938 at a time of great stress in 
England. 

In studying this work it becomes quite evident 
that so far as surgery is concerned an ocean no longer 
separates Britain from the United States. Few def- 
inite differences of opinion as to etiology, pathology, 
diagnosis, and treatment of surgical diseases are 
evident. 

When the book is studied critically an obvious 
question arises, the distribution and extent of the 
subject material. This applies not only to the work 
under consideration but to other similar works both 
in America and Britain. As an example, only 18 
pages are devoted to diseases of the female genital 
organs, approximately one and a half pages being 
allotted to carcinoma of the uterus. Needless to 
say, the subject is so briefly discussed that its value 
may be seriously questioned. Certainly it is of no 
value, practically, to one seeking information on 
the subject. 

The principles of surgery as presented vary but 
little from American concepts. It is interesting to 
note that in delineating the treatment of wounds of 
the hand the author states that if the hand is clean 
it should be washed thoroughly “but if it is very 
dirty ... more harm than good is done by washing.” 
He advocates placing the injured part in a bath of 
an alcoholic tincture of iodine for 5 minutes. This 
procedure will be seriously questioned by many 
American surgeons. Again under treatment of 
carcinoma of the tongue, in discussing cervical node 
involvement, it is advocated that when glands are 
not palpable external irradiation be used. This 
practice has been deemed futile by American on- 
cologists. No mention is made of the use of isotopes 
in the diagnosis of thyroid disease and only one 
phrase of 7 words is devoted to therapy. Mention 
is made of trauma as a possible etiological factor in 
chronic mastitis. 

Under treatment of cerebral injuries it is stated, 
“Tf signs of high intracranial tension appear, lumbar 
puncture helps especially in the relief of headache.” 
It is the reviewer’s opinion that practically all 
American neurological surgeons condemn such a 


1THE EssENTIALS OF MODERN SuRGERY. Edited by R. M. 
Handfield-Jones, M.C., M.S., F.R.C.S., and Sir Arthur E. 
Porritt, K.C.M.G., C.B.E., M.A., M.Ch., F.R.C.S. 4th ed. 
Baltimore: The Williams & Wilkins Co., 1951. 


measure. ACTH and cortisone are not mentioned 
in the treatment of rheumatoid arthritis. 

These differences of opinion are offered not as a 
criticism of British surgery but to call to the atten- 
tion of both American and British surgeons that dif- 
ferences of opinion do exist. Difference of opinion 
may stimulate further study and in the end only 
good can result. 

As a whole the subject matter is very well pre- 
sented. It does seem that the average British 
surgeon presents his thoughts in a more fluent 
and pleasing manner than his American colleague. 
The chapter on the chest, prepared by Mr. Holmes 
Sellors, deserves special mention. The subject is so 
completely covered and the material so concisely 
arranged and so clearly presented that it is a pleasure 
to read it. The portion on bronchiectasis is a classic. 
The chapter on diseases of bone also deserves special 
mention. 

This work can well be another liaison between 
American and British surgeons. Joun A. WOLFER. 


HE volume entitled Peptic Ulcer; Clinical As- 

pects; Diagnosis; Management*, edited by David 
J. Sandweiss, is published under the auspices of the 
American Gastroenterological Association. It is an 
authoritative book on all phases of peptic ulcer. 
In this volume, 77 eminent medical men, well known 
for their contributions, have reviewed and evaluated 
the old and new knowledge in their fields. It pro- 
vides an excellent survey of modern concepts of this 
disease and a much needed crystallization of current 
ideas on diagnosis and management. There are 
chapters on the experimental, diagnostic, clinical, 
and surgical phases of the ulcer problems designed to 
meet the need of practicing physicians and surgeons. 
It emphasizes “the fundamentals which are always 
fundamental.” This brings to the young physician 
a great deal of mature experience and observation 
along with up-to-date and new ideas on peptic 
disease. 

There is an extensive bibliography at the end of 
each chapter and the entire book is indexed by sub- 
jects and authors. 

This is an outstanding and instructive reference 
work and is recommended to investigators and clin- 
icians who are attempting to make intelligent clinical 
interpretations of all phases of peptic ulcer. 

ARTHUR J. ATKINSON. 


2Peptic Utcer; CiinicaL Aspects; DIAGNosIs; MANAGE- 
MENT. Edited by David J. Sandweiss, M.D., F.A.C.P. Phila- 
delphia, London: W. B. Saunders Co., 1951. 
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“Loa small book Frontal Lobotomy and A ffective 
Behavior; a Neurophysiological Analysis! is ‘con- 
cerned with the current problem of how the pa- 
tient’s affect may be as little changed as possible 
and still receive benefit by prefrontal lobotomy for 
intractable pain and various of the psychotic states. 
It consists of only 4 chapters: a historical back- 
ground, a discussion of the newer concepts of the 
functional anatomy of the cerebral cortex, recent 
behavioral studies in animals, and the results of the 
various types of surgical attack upon the frontal 
lobe for the psychoses and intractable pain, together 
with some critical remarks by the author on these 
procedures. He points out particularly that the 
method of Grantham, wherein through a superior 
approach the medial portion only of the white 
matter is transected, has favorably impressed him 
in that it has less undesirable effect upon the 
patient’s normal affect than any of the other pro- 
cedures and that, furthermore, it is a safe and rela- 
tively simple technique. Some interesting remarks 
are made concerning the effect of lobotomy on 
sensory phenomena, blood pressure, gastrointestinal 
functions, and metabolic changes. The book is easy 
and interesting reading. There is a particularly full 
and up-to-date list of pertinent references. 
Joun Martin. 


HE Festschrift, presented to Doctor Keeton on 

the occasion of his retirement after 18 years as 
head of the Department of Medicine at the Univer- 
sity of Illinois College of Medicine, is a tribute to his 
personal qualities, his influence as a teacher, and his 
sustained vigor in investigation. Studies in Medi- 
cine? contains, in addition to a biographical sketch 
and the bibliography of Doctor Keeton, 30 papers 
written by his friends, associates, and students. 
Their diversity reflects Doctor Keeton’s own wide 
interests. Their general excellence provides a fitting 
testimonial, and fulfills the intention of the editorial 
committee to publish a volume that is a distinct 
contribution to medical literature. 

WALTER H. NADLER. 


HY pnce book Leitfaden der Laparoskopie und Gas- 
troskopie® is a brief but careful manual in the 
procedures of peritoneoscopy and gastroscopy. It 
is a text that those already interested in the pro- 
cedures will want to review. Its aim is to present 
methods and indications in a fashion that will stim- 
ulate interest for wider use of endoscopy as an im- 
portant additional diagnostic procedure. 

The chapters on peritoneoscopy are well written 
by Kalk. The procedure is carefully explained in 


1FRONTAL LoBoTOMY AND AFFECTIVE BEHAVIOR; A NEURO- 
PHYSIOLOGICAL ANALYysIs. By John F. Fulton, M.D. New York: 
W. W. Norton & Co., 1951. 

2STUDIES IN MEDICINE; A VOLUME OF PAPERS IN HONOR OF 
Rosert Woop Keeton. Springfield, Ill.: Charles C Thomas, 
1951. 

3LEITFADEN DER LAPAROSKOPIE UND GASTROSKOPIE. By Prof. 
Dr. Med. H. Kalk, and Dr. Med. Habil. W. Bruehl. Stuttgart: 
Georg Thieme, 1951. 
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detail so that beginners can avoid all mistakes and 
complications. The normal and pathological features 
of all the areas accessible to peritoneoscopy are care- 
fully described and illustrated. Kalk prefers his own 
modification of the instrument. Pneumoperitoneum 
is induced through a separate needle in the left lower 
quadrant. For the beginner, the dangers are mini- 
mized by using at least 10 patients with ascites be- 
fore undertaking others. About 2,000 examinations 
have been made by the author without a death in the 
entire 25 year period. Needle biopsy is performed 
under direct vision. 

The most important indications for peritoneo- 
scopy, according to the author, are liver disease and 
the differential diagnosis of intrahepatic and extra- 
hepatic jaundice in which, it is felt, diagnosis can be 
made in most cases by peritoneoscopy. 

Of great interest are the many cases of acute 
hepatitis in which Kalk has observed the progression 
of the illness and the gradual development of per- 
manent gross liver damage. A diagram showing the 
evolution of the disease is used as a reference for the 
description of the many excellent drawings by Lands- 
berg of views seen through the peritoneoscope. 

The section on gastroscopy by Bruhl is a concise 
but complete description of the best procedure and 
technique. Gastroscopy is emphasized particularly 
as an adjunct diagnostic procedure in difficult cases 
in which x-ray is indefinite or uncertain as to the 
existence or the nature of a lesion. The author is 
particularly fond of the Korbsch rigid gastroscope 
with its optical advantages but advises its use only 
by the expert gastroscopist after the flexible instru- 
ment has been mastered. The optimism regarding 
the diagnosis of early carcinoma by the gastroscope 
may be questioned. 

The text is well done with highly readable type 
on excellent paper. Organization of material is 
simple and clear, and the color pictures are outstand- 
ing. It merits an English translation with the 
original pictures as part of the text. 

ARTHUR P. Kotz. 


ek compilation of material relating to the 
Renal Pelvis and Ureter‘ is presented in a volume of 
429 pages. The embryology, gross and microscopic 
anatomy, and physiology of the kidney and ureter 
are described and discussed in detail. The pathology 
and abnormalities of these structures are clearly 
described and well illustrated. The entire volume 
contains 264 very instructive illustrations. The 
various forms of renal pelves and ureters can be 
appreciated from these illustrations. The author 
has spent much time on his discussion of the dy- 
namics of the upper urinary tract. The chapter on 
“Resorption and Absorption in the Upper Urinary 
Tract” is especially noteworthy because the writer 
has differentiated meticulously the conditions of 
pyelocanalicular backflow, pyelosinus transflow, 
sinolymphatic absorption, and sinovenous ingression. 

4RENAL PELVIS AND URETER. By Peter A. Narath, M.D., 
F.LC.S. New York: Grune & Stratton, 1951. 
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Anyone who is interested in urography should read 
this discussion of retrograde and intravenous ure- 
teropyelography. The history, technique, media 
employed, pitfalls, and the value of each method are 
well presented. A complete bibliography, index of 
authors, and index of subjects have been included. 

This book is a valuable addition to the surgeon’s 
library. It is especially valuable to urologists, young 
and old. Dr. Narath is to be complimented and 
congratulated for this publication. 

WItuiaAM J. BAKER. 


Ts book Lectures on Physiopathology and Clin- 
ical Surgery! is an enlargement of and brings up- 
to-date a previous work which appeared in 1942. 
Its rewriting has been necessitated because of the 
great advancement in surgical procedures and the 
widespread application of modern antibiotic thera- 
peutics. From this viewpoint, each chapter has 
undergone extensive revision. ‘The selection of sub- 
ject matter is appreciated; its division, however, is 
unusual, in that the material is treated under the 
two general topics of trauma and infection. Inas- 
much as this work is intended to bea teaching manual 
and follows the outline of the prescribed course of 
instruction, the division of subject matter is under- 
standable. The terseness in which some of the topics 
are discharged leaves something to be desired. The 
chapter on tumors, for instance, is allotted only 19 
pages, the normal physiochemistry of the human 
body is dismissed in 30 pages, and many of the sub- 
headings under trauma and infection are of para- 
graph lengths only. However, here again this ap- 
proach is definitely of a pedagogic advantage as it 
permits amplification by the teacher. The language 
is simple, clear and logical; and the illustrations are 
informative, in many instances in color. The author 
definitely has a keen grasp of his subject matter and 
has presenéed a work which is highly recommended. 
STEPHEN A. ZIEMAN. 


HE 294 page book Angiocardiography,? by Dotter 

and Steinberg, details the experiences of the 
authors, concerning a diagnostic procedure (angio- 
cardiography) which they have used for 14 years. 
They present their experiences concerning the tech- 
nique, interpretation, indications, and limitations 
clearly and well. Controversial issues are discussed. 
The authors state that the usefulness of the book in 
a large measure rests upon its illustrations. The 
angiocardiographic reproductions and accompany- 
ing labeled tracings are well described and reveal a 
tremendous amount of thought, skill, and effort 
given to this one phase of the book. 

The attention to detail of techniques in adminis- 
tering the contrast media, the dangers of the method, 
the mortality, and the x-ray equipment required for 

'LECCIONES DE FISIOPATOLOGIA Y CLINICA QUIRURGICA. By 
Prof. Francisco Martin Lagos. Vol. 1, 2nd ed. Barcelona, Madrid, 
Lisboa, Valencia: Editorial Cientifico Medica, 1950. 

*ANGIOCARDIOGRAPHY. By Charles T. Dotter, M.D., and 


Israel Steinberg, M.D. New York: Paul B. Hoeber, Inc., Medical 
Book Department of Harper & Brothers, 1951. 
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the optimum results are well discussed so that those 
interested can profit by the listed difficulties and 
successes. 

Sixty pages are devoted to study of the normal 
angiocardiogram. From 2,000 angiocardiograms 
the most ideal normal results have been selected, 
traced, and are beautifully reproduced. 

The book contains much history, anatomy, physi- 
ology, pathology, and therapy. The authors indicate 
the diagnostic procedures that are preferable to 
angiocardiography. For example, they state, ‘“The 
electrocardiogram furnished a more reliable demon- 
stration of early right ventricular enlargement than 
does angiocardiography.” Also, “Contrast vis- 
ualization is not indicated in the routine investiga- 
tion of well-established mitral stenosis. It may 
prove of value in the occasional atypical case of 
rheumatic heart disease when clinical and laboratory 
investigation are diagnostically inadequate.” 

Two hundred and eighty-three pages are devoted 
to the subject of acquired and congenital intrathor- 
acic pathology, of which 123 pages concern the 
acquired and congenital lesions of the heart and 
great vessels. 

Dotter and Steinberg state, ‘““Angiocardiography 
is primarily a method for demonstration of gross 
anatomic change rather than functional abnormal- 
ity. The latter may occasionally be inferred when 
secondary changes are revealed.” The indications 
and contraindications for angiocardiography in pa- 
tients with varied acquired and congenital lesions 
of the heart and great vessels are clearly stated and 
illustrated. This section will be most valuable to 
the cardiologist and cardiovascular surgeon. 

The authors make the following statements con- 
cerning mediastinal tumors: 

‘‘When facilities allow, angiocardiography should 
be routinely performed on all cases of mediastinal neo- 
plasms where operation is under consideration” and 
“Angiocardiography should be an integral part of 
the routine complete work-up of a suspect primary 
carcinoma of the lung.” 

The authors further state that, “In their expe- 
rience, an angiocardiographic diagnosis of cancer of 
the lung is possible in approximately 35 per cent of 
the cases studied. It also indicates as no other pre- 
operative examination can, the anatomic extent of 
the lesion, enabling the surgeon to plan the most 
suitable method of approach and informing him as 
to the otherwise hidden structures of the tumor he 
plans to attack.” 

Following each chapter is a bibliography and 
throughout the book other workers interested in 
this field are given due credit for their opinions, 
whether they are in agreement with the authors’ 
views or not. 

This book is an extremely valuable contribution. 
The intrathoracic surgeon, cardiologist, and radiolo- 
gist particularly will find it stimulating, educational, 
and of great help in the diagnosis and care of the 
patient in whom this procedure is indicated. 

EcBERT H. FELL. 
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Sb principal object of the book Cancer Cytology 
of the Uterus Introducing a Concept of Cervical 
Cell Pathology! by J. Ernest Ayre is to illustrate a 
graded variety of cytologic phenomena in the de- 
velopment of cancer. 

A considerable portion of the contents of the book 
deals with early anaplastic cells which are discussed 
in a chapter separate from preinvasive cancer. Here, 
the author attempts to show that this type of cell is 
characteristic of the tissue that subsequentlybecomes 
carcinoma. He believes that the stages in the tran- 
sition can be identified and followed by serial cell 
studies. However the stages as shown probably 
represent only malignant cells as they appear in 
lesions of varying degrees of differentiation. Confu- 
sion is further created by the designation of a group 
of cells as ‘‘precancer cell complex’ (“‘nearo-car- 
cinoma’’) and in the next sentence by stating that 
these same cells are characteristic of proved intraepi- 
thelial carcinoma. Yet in another place Ayre says that 
“the precancer cell complex is a stage closely re- 
lated to the in situ stage.” In attempting to show 
the transition through various stages one case is 
recorded in detail in which the cells are termed 
anaplastic, then are shown as “nearo-carcinoma”’ or 
precancer type, then as intraepithelial carcinoma, 
and then in higher power as characteristic of early 
epidermoid carcinoma. Since the legend to each 
photomicrograph states the patient is 30 years of 
age it must be assumed that very little time, if any, 
elapsed during this sequence of events and the serial 
preparation of histologic material. It can only be 
concluded that this case was epidermoid carcinoma 
when first observed and that chronological transition 
of cells has not been demonstrated. This analysis is 
not meant to be facetious but is meant to exemplify 
the fact that the author and all of us have not yet 
reached the point where we can recognize and can 
agree upon the step by step cell changes in the pro- 
gression from normal squamous epithelium to car- 
cinoma. The failure to prove this point need not 
detract from the usefulness of the book, the excellent 
photomicrographs, and the diagnostic procedures 
described. Certainly the cervical smear method is 
valuable and when one applies himself to its study 
as the author has done, he may detect early and 
significant cell changes that still remain obscure to 
others. Joun I. BREWER. 


HE belief that the library of the specialist lacked 
a comprehensive textbook dealing with a “‘clin- 
ical technique” motivated Georges Portmann, M.D., 
Dean, and Professor of Otorhinolaryngology, of the 
University of Bordeaux Medical School to write the 
volume Diseases of the Ear, Nose, and Throat.2 The 


1CANCER CYTOLOGY OF THE UTERUS; INTRODUCING A CONCEPT 
or CervicaL CELL PatHotocy. By J. Ernest Ayre, M.D. New 
York: Grune & Stratton, 1951. 

2DISEASES OF THE Ear, NOSE, AND THROAT; A TEXTBOOK OF 
CLINICAL AND LABORATORY PROCEDURES. By Georges Port- 
mann, M.D. Translation by Fernand Montreuil, M.D., and 
_ G. Waltner, M.D. Baltimore: The Williams & Wilkins 

0., 1951. 
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stated intent was to describe in detail all the pro- 
cedures of clinical examination of the ear, nose, and 
throat patient. The resulting book achieves its 
purpose in an admirable way. 

Professor Portmann believes that the newer diag- 
nostic procedures which have been added to the 
specialty in modern times in no sense lessen the 
need of the student, general practitioner, or specialist 
to develop his powers of observation and his ability 
to ferret out obvious and latent clinical signs. The 
physicians power of observation, his diagnostic 
sense, and his intelligence in taking the history still 
remain fundamental, and should only be aided and 
sharpened by modern diagnostic laboratory pro- 
cedures. Modern training in otolaryngology often 
devotes too little time to the teaching of clinical 
diagnosis. Certain factors are in operation that pre- 
vent a proper emphasis on the complete and resource- 
ful clinical investigation of the patient. The training 
program frequently must sacrifice the development 
of clinical diagnostic technique to the development 
of surgical skill. It is basically on this premise that 
the present volume has been conceived and written. 
The otolaryngologist who recognizes a lack in his 
ability to conduct a full and varied clinical investi- 
gation of the patient will be richly rewarded by a 
study of this book. 

The organization and arrangement of the text is 
logical. The introduction states the author’s method 
of presentation of the subject material and goes on 
into a discussion of the fundamental problem of ex- 
ternal illumination of the area to be examined. The 
various modalities of lighting are discussed and 
illustrated by diagram. Many standard texts omit 
any reference to proper illumination or the reasons 
for it; it is attention and devotion to detail that 
characterize this book. 

The textbook proper is developed in 6 sections 
dealing in turn with the auditory appasatus, the 
nasal fossae and accessory sinuses, the mouth and 
pharynx, the larynx, trachea, and bronchi, the 
esophagus, and laboratory methods in otolaryngol- 
ogy. Each section is developed in four chapters, 
anatomy, physiology, indirect examination, and 
direct examination of the organ under consideration. 
The discussions of the anatomy and physiology are 
clear, concise, and well illustrated. The real value 
of the book lies in the chapters describing the in- 
direct and direct methods of clinical examination. 
Here the reader is given a generous share of the 
knowledge gained by Portmann from a wide clinical 
and long teaching experience. Every method of 
proved value in clinical examination is included and 
described in detail enough to allow the reader to 
understand and perform the procedure. Although 
the material discussed is extensive and detailed the 
descriptions are not verbose and are easily assimi- 
lated. A profusion of diagrams, anatomical draw- 
ings, photographs, and photomicrographs point up 
and clarify the text, and all are particularly well 
chosen for the intended purpose. In this book of 
713 pages there are 666 figures and 11 color plates. 
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Each section, chapter, and subject is aptly illustrated, 
and all figures are large and easily seen in detail. 
The color plates of normal and pathological condi- 
tions are excellent. 

This book cannot be criticised by comparison with 
standard textbooks of otolaryngology. From such a 
viewpoint there seems, at first reading, to be too 
much space devoted to the description of clinical 
tests that vary only slightly in the technique of per- 
formance. One hundred and thirty pages are de- 
voted to the indirect examination of cochlear and 
vestibular function. It can be argued that the length 
of discussion devoted to testing the vestibular ap- 
paratus by use of the Barany chair is not necessary 
in these times, but since the book is a text of clinical 
technique the argument would not be valid. The 
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chapter on the functional examination of the equi- 
librium is probably the best written and most help- 
fully illustrated of any in the book. 

Most of the tests described in the book could be 
found by culling the old textbooks, but many of 
these are no longer available. This textbook pre- 
sents all of the tests completely, clearly, and inter- 
preted in the light of modern knowledge of physiol- 
ogy and pathology. The book should become a wel- 
come addition to the library of the specialist in 
otolaryngology, especially of those in the younger 
age groups. It will be invaluable for the resident in 
training in otolaryngology, and should be available 
as a reference book for the intern and the medical 
student. It will be of great help to the general 
practitioner. FLETCHER AUSTIN. 
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INTER-AMERICAN SESSION IN SAO PAULO, BRAZIL, 
FEBRUARY 10 TO 12, 1953 


EADING South American officials and sur- 
geons will be hosts at the Inter-Amer- 
ican Session of the American College 
of Surgeons in Sao Paulo, Brazil, Feb- 

ruary 10 to 12, 1953. Meetings of interest to all 
surgeons including specialists have been sched- 
uled for this second sectional meeting in Latin 
America, now planned as an annual feature. 
Dr. Moacyr E. Alvaro, Professor and Head, 
Department of Ophthalmology, Paulista, Sao 
Paulo, is Honorary Chairman of the Committee 
on Local Arrangements. Dr. Benedicto Monte- 
negro, Professor of Surgery, Sao Paulo, and Dr. 
Euryclides Zerbini, Assistant Professor of Surgi- 
cal Clinic and Assistant, First Surgical Clinic, 
Sao Paulo, will serve as Secretary on the same 
committee. 

This meeting has been scheduled for midweek, 
so that surgeons may use the preceding or fol- 
lowing weekend for vacation purposes. The cli- 
mate in Brazil is pleasant during February, 
nearby resorts attractive for vacation purposes, 
and transportation facilities excellent. Forty 
planes a day leave for nearby Rio de Janeiro. 

Brazilian officials will formally open the meet- 
ing Monday evening, February 9, at the Mu- 
nicipal Library. Tuesday and Wednesday ses- 
sions will be held at the beautiful new building 
of the Paulista Medical Association. The third 
day will be set aside for specialty groups, with 
lectures, panel discussions, hospital clinics, and 
demonstrations in the surgical specialties. 

The surgical program will begin Tuesday 
morning, February 10, at 10 a.m. with a discus- 
sion on treatment of megacolon, followed by a 


symposium on peripheral vascular diseases. 
Papers to be presented at this symposium will 
include “Sequelae of Thrombophlebitis,” ‘“Sym- 
pathectomy in the Treatment of Raynaud’s 
Disease,” and “Surgical Treatment of Aneurysm 
of Peripheral Arteries.” Afternoon sessions will 
include a panel discussion on portal hypertension 
and surgery of acquired heart diseases. Activi- 
ties of the American College of Surgeons will be 
discussed by prominent speakers at the dinner 
meeting Tuesday evening at 6 o’clock. A sym- 
posium on the management of major emergen- 
cies will follow the dinner meeting, featuring the 
topics, “Emergency Treatment of Burns,” ‘“Cra- 
nial Cephalic Injuries,” “Resuscitation,” and 
“Anesthesia in Emergency Cases.” 

On the second morning at 9:30 a symposium 
on cancer will be held. Papers on “Operability 
and Surgical Results of Cancer of the Lung,” 
“Treatment of Esophageal Cancer,” “Selection 
of Patients for Surgical Treatment of Breast 
Cancer,” and “Surgical Treatment of Cancer of 
the Rectum” will be presented. Afternoon meet- 
ings will feature a panel discussion on compli- 
cations of a peptic ulcer and a symposium on 
gynecology, at which the following papers will 
be heard: ‘Pelvic Lymphadenectomy in Cancer 
of the Cervix,” ‘Total Versus Subtotal Hyster- 
ectomy,” “Allergy in Gynecology,” and “Sur- 
gical Treatment of Sterility.” 

Medical motion pictures will be featured both 
days. Hospital clinics will be held on the third 
day. 

Leading North American and South American 
surgeons will speak on the several sessions. 





